NWCC

2 \WIND WILDLIEE

RESEARCH MEETING

PRESENTED BY AWWI

November 28 - 30, 2018
St. PaulMinnesota

Meeting Proceedings

Published March 2019

Prepared by Susan Savitt Schwartz

Wing c/o American WindVildlife Institute
Coordinating 1110 Vermont Avenue, NW, Suite 950
Coltavorative Washhgton, DC 20008544

= | Nationa National Wind Coordinating Collaborative
J



Acknowledgments

The meeting and agenda for tiNational Wind Coordinating CollaboratigdWwCCWind Wildlife

Research MeetinglMvere planned by the American Wind Wildlife Institute (AWW]I) with support from a
Planning Committee ofolunteers fromNWCGtakeholder{ s ee bel ow) . Dr. Taber Al
Director of Research, chaired the Planning Committee and meeting.

TheProceedings for the NWGind Wildlife Research Meetingl were developed based upon funding
from the Alliancdor Sustainable Energy, LLC, Managing and Operating Contractor for the National
Renewable Energy Laboratory for the U.S. Department of Energy.

AWWI wishes to acknowledge and thank the following companies, organizations, and individuals for
their supportfor the meeting:

Diamond Sponsor: Western EcoSystems Technold®@yEST), Inc.
Platinum Sponsors: Enercore Patt &t ant ec

Gold Sponsors: Apexs Amerian Wi nd Ener gy Associati one «TetTrEa Ener
Tech

Silver Sponsors: Burns McDonnék | n v e NaturaldgRgsource Solutions, ImdNational Renewable
Energy Laboratory < NextEra Energy Resources

Bronze Sponsors: Ecology and EnvironmentElectric Power Research Instituté&nergy Renewal
Partners: Environmental Resources Managementongroad Energy Minnesota Department of
Commere ¢ Olssorr Shoener Environmental Tradewind Energy U.S. Geological Survey

Members of thePlanning Committee, who contributed extensive volunteer hours in planning this
meeting, as well as all othevgho provided input:

Abby WatsonSiemens Abel GyimesiBureau Waardenburg Al v ar écre@a miAinmnda Hal e,
Texas Christian University B e t h a MNation& RenewableEnergylaboratorye Car ol i ne Jezi e
Nebraska Cooperative Fish & WildiesearchUnkt Cat her NWee Eawdse,r iBnde Jar di n
Studies Canada  C h r iTlse N&turesGonservaney Chr i s Ra&uratiRowed u riCyhr i st i an
NewmanEPRt Chr i st i BERP REewablésr €B e i s tHughdspIFishs&onvildlié

Service Cr i Bat Gomeservation International Dal e SMES®T, loek | Baard , DUSI t hor p,
Geological Survey D a n n @att€rma | [ &hillipsApex Clean Energy Davi BurGuagger ,

Ocean Energy Management Da v i d B®eau @lcean Energy Management Ed Ar nett ,
Theodore Roosevelt Conservation PartnershipE | i s e NBteraleRenewable Energy Laboratory

* Er i manhinerney Fi nl a WariBeeSoieneetStotlamd J a ni nNextBra q Wiae ,e d
Wilson,MarineScotlance J e r r YAvarigadp p & ¢ ¢ e | -amacir®ldSbepartment of Energy

Joseph Platt’OWER Engineers J u | i a NowHahdéam o tiKt&inclairNational Renewable

EnergyLaboratorys Kar yn Owepemy ndart e BRie | IKiirgrAeersDNVGEe Laur a
Morse,Orsteds L e s | e YWSHisb & WildlifelSarvieeLeslie NewlUniversity of Washington

Manuela HusoUS Geological Survey Mar k Hssocatom df Fish & Wildlife Agencies Ma r y
BoatmanBureau of Ocean Enerdlanagement  Mi ¢ h a e | BEatCQonservatior Ihtermatjonal

. Mi k e Avdngriget ovho,n a UKGealdgicdl Swaye PaulWEBBIme. eRachel Londo
US Fish & Wildlife Service Re g i nSPABstitip Oniversitarie Rhet, WESGdne.d Ri c h

NWCC Wind Wildlife Research Meeting XII Proceedings i



DavisMinnesota Dept. of Commeree St e v e StBnéeb | €Ttriaecre,y UB Eishr& &Vitdéfe ,
Serveee Wal | y WESTjlmck s o n,

Those who volunteered their time t@view submitted abstracts.

Themeeting volunteers who offered their time to support the meeting logistics.

About the NWCC

The National Wind Coordinating CollaboratidVCG@was formed in 1994 to provide a neutral forum
for a widerange of stakeholdersincluding government agencies, industcpnservationists
academics, and the general publito pursue theshared objective of developing environmentally,
economically, angolitically sustainable commercial markets for wind power in the To8ay, the
activities of the NWCC focus solely on interactibagveen wind energyand wildlife. The NWCE a
forum for outreach and collaboration on understanding interactions andisgichallenges for wind
energy and wildlifeand asneeded, facilitates coordinated activitiéscused orestablishing research
prioritiesand supporting researcbn species of particular interest for wind energy developmé&he
NWCC is funded by the U3epartment of Energy's Wirtehergy Technologies Offitaough the
National Renewable Energy Laborat@dRELaNd is facilitated by AWWan independent noiprofit
organization

Abstract

Wind energy is recognized as a key componemédficing greenhouse gas emissidrsm energy
production.By generating electricitywith lower carbon emissions and water uiean fossil fuelswind
enegy benefits birds, bats, and many other animal and plant species. Yet wind energy development and
operation, like most human activities including other forms of energy generation, can pose risks to
wildlife. These proceedings dament current research peaining to wind energyelated wildlife
fatalities; habitat and behavioral impacts at the project level as well as cumulative and landezdpe
impacts; andavoidance, minimization, anaitigation strategies and technologieés the window of
opportunity to prevent the most catastrophic consequences of climate change narrows, these
proceedings reflect discussions among stakeholdessientists, wildlife agencies, wind energy
developers, and conservation organizatiersbouthow to balance the need to umgstand and
mitigate wind energy impacts with the need to expedite responsible development of wind energy.
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Preceding volumes
PNWWRM XI. 2017. Proceergs$ of thewind-Wildlife Research Meeting XI. Broomfield, CO November
30- December 2, 2016. Prepared for the Wildlife Workgroup of the National Wind Coordinating

NWCC Wind Wildlife Research Meeting XII Proceedings ii



Collaborative by the American Wind Wildlife Institute, Washington, DC, Susan Savitt Safavartz,
168 pp.

PNWWRM X. 2015. Proatirgs of theWind-Wildlife Research Meeting X. Broomfield, CO December 2
5, 2014. Prepared for the Wildlife Workgroup of the National Wind Coordinating Collaborative by
the American Wind Wildlife Institut&Vashington, DC, Susan Savitt Schwartz, ed. 139 pp

PNWWRM IX. 2013. Proceedings of Wiad-Wildlife Research Meeting IX. Broomfield, CO November
28-30, 2012. Prepared for the Wildlife Workgroup of the National Wind Coordinating Collaborative
by the Amerian Wind Wildlife Institute, Washington @ Susa®avitt Schwartz, ed 51 pp.

PNWWRM VIII. 2011. Proceedings of Wiad-Wildlife Research Meeting VIII. Lakewood, CO October
19-21, 2010. Prepared for the Wildlife Workgroup of the National Wiodrdinating Collaborative
by RESOLVE, Inc., Washington,9d8an Savitt Schwartz, ed 11%p.

PNWWRM VII. 2009. Proceedings of Wiad-Wildlife Research Meeting VII. Milwaukee, WI October
28-29, 2008. Prepared for the Wildlife Workgroup of the Natiovahd Coordinating Collaborative
by RESOLVE, Inc., Washingd@, Susan Savitt Schwartz, ed. 116 pp.

PNWWRPM VI. 2007. Proceedings of the NWCC Wildlife Workgroup Research Planning Meeting VI. San
Antonio, TX November 15, 2006. Prepared for the Wildlif&orkgroup of the National Wind
Coordinating Collaborative BWESOLVE, Inc., Washington, DC, Susan Savitt Schwartz, ed. 138 pp.

POWIWEV. 2005. Proceedings of the Onshore Wildlife Interactions with Wind Developments: Research
Meeting V. Lansdowne, VA Noveent8-4, 2004. Prepared for the Wildlife Subcommittee of the
National Wind Coordinating Committee by RESOLVE, Inc., Washington, DC, Susan Savitt Schwartz,
ed. 120 pp.

PNAWPPMV. 2001. Proceedings of the National AW&md Power Planning Meeting IV, Carm@h,

May 1617, 2000. Prepared for the Avian Subcommittéehe National Wind Coordinating
Committee by RESOLVE, Inc., Washington, DC, Susan Savitt Schwartz, ed., 179 pp.

PNAWPPMII. 2000. Proceedings of the National Avi&ind Power Planning Meetind,IBan Diego, CA,
May 1998. Prepared for the Avian Subconegtof the National Wind Coordinating Committee by
LGL, Ltd., King City, Ont., 202 pp.

PNAWPPMI. 1996. Proceedings of the National Avi&ind Power Planning Meeting Il, Palm Springs,

CA, Septetimer 1995. Prepared for the Avian Subcommittee of the Natidvizad Coordinating
Committee by RESOLVE, Inc., Washington, DC, and LGL, Ltd., King City, Ont., 152 pp.

PNAWPPM. 1995. Proceedings of the National Awiard Power Planning Meeting 1V, Denver, Q@y

1994. Repot DE9804090. RESOLVE, Inc., WashingtonaB€LGL, Ltd., King City, Ont., 145 pp.

Ordering Information

These Proceedings are available in PDF format with accompdPosregPoint presentations available
as separate pdf files. Proceedsmay be downloaded from the NWCC websiteav.nationalwind.org

Disclaimer

Some of the presentations described in the Proceedings othel Wildlife Research Meetingl may
have been peereviewed independent of this meeting, but results should be considered prelm
This document may be cited, although communication with the author before doing so is highly
recommended to ensure that the information cited is current.
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Theseproceedings do not necessarily reflect the views of the American Wind Wildlife lesiitthose
noted above AWWI expressly disclaims any warranties or guarantees, expressed or implied, and shall

not be liable for damages of any kind in connection wité material, information, techniques, or
procedures set forth in this publication.
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Opening Remarks

Retrospective and Looking Ahead

Abby Arnold
Executive DirectorAmerican Windwildlife Institute

Welcome, andhank you all for attending this ¥2Wind-Wildlife Research Meetingguilding on
25 years of collaboration in wind and wildlife scienae now:

1 Have collected and amnalyzing troves of data that dramatically improve ou
underdanding of risk and uncertainty;

Know the right questions/hypothesto pursue;

Have proven solutions/strategies to minimize impacts that etegrnyears ag we could
not have dreamed of

Around the AWWI tableve areincreasinglyfocused on the qus&tion, what is the best use of
resource investmentvesting in monitoring, or in apphg those dollars to species
conservation outcomeés

At this meeting you will hear:

1 Théa the AmericanWind and Wildlife Information Cent¢AWWIQ, a data base of puld
andconfidential data representing over 22%adf operating assets as of 20k@&nhelp
us target wherand evaluate whympacts to avian and bat species are occurring

1 About use of artificial intelligence, machine learning, and improved toolsstnategies
to minimize impactsand

1 About a recanmitment to invest in researcto minimize impacts

Why is all of this work even more critidaldaythan ever before®e are here because of our

commi t ment to conservati on aordwidifo-ardjantte s ol ut i
same time, because many of us understand that we face the biggest conservation challenge:
impacts of climate on avian and bat and other wildlife species.

1 LastfalltheUni t e d INexgoveramestal Panel on Climate Chandl(C)
published a special report, detailing the impacts we can expect to see @&tblzal
Warming of 1.5°@ndn o t i n gf the buadnt:warfning rate continues, the world

NWCC Wind Wildlife Research Meeting Xl Proceedings 1
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would reach humainduced globalvarming of 1.5°C around 2049.

1 Just lastveek [Friday, Nov23, 2019] 13 federal agencies issued the Congressionally
mandated fourthNational Climate Assessmeah update from 2014The authors

reportthatgldo al war ming “is transforming where a
growing challenges to human health and quality of life, the economy, and the natural
systems that support us.” And they concl ud

adaptto currentinpactsand mi ti gate future catastrophes
damages to the U.S. economy, environment, and human health anébeiall over the
coming decades.”’

Dr. Gary Yohe, a professor of economics and environmental studies at Wesleyan
University and past AWI Board member, served on a National Academy of Sciences
panel that reviewed the Climate Assessment:

G¢KS AYLI OGa 6SQOS &S Swedtd gebSstrdngeand mp & S|
GKFG Attt 2yfe O2ylUAydzs$SzZ¢é |yR 6weS KI @S
waste another five years of response time, the story gets worse. The longer you

wait, the faster you have to respond arttetmore expensive it will lge- Gary

Yohe, quoted in th&Vashington Post

1 The 2018NVGLs Energy Transition Owkprojectsthat wind and other renewables
North America and worldwide are not expected to ramp up enough to meet the
carbon reductiorgoals st out in the Pas Accord

This is personal for many of us. | was raised in Santa Monica, Californid/jaldmar—just one of

several California communities hit by incredibly destructive firesel@st two years. In my

adopted state, Alaska, | started seeing these changes years ago: the northern coastline facing the
Arctic Circle is calving huge blocksamid— not just ice—and in Juneau, where we have a house,

the Mendenhall Glacier is losing tkguivalent of two football fields a year.

At our meeting foulyears ago, we heard in an opening panel from the Assistant to the Director
of the USHsh and Wdlife Serviceghat we need to think about climat&ut unlike years past,

we now have a loud dlefor urgency. Weare running out of time During thefinal session of this
conference, we ask each of us to think about tradeoffs. As we are making histmyregs in
developing solutions to wind and wildlie®nflicts,we need to balance #researchyuestiors

with steps toensue the future ofwildlife and the planet that supports us all.

| remain optimisticwe can figure thisut. As you listen to the sidies the next three days, think
about what you can dand what we can learreven with imperfet knowledge, we can
promote conservation and sustainable wind and

"https://www.ipcc.ch/sr15/
> Washington Post, “Major Trump Administration Climate Report Says Damages Are Intensifying Across
Country,” November 23, 2018.
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we continue to learn how toninimize impactsLet s t hi nk about how we

uncertaintyso that wemake good decisions for the fuito mtigate our impacts.

This is a dynamic timefull of potential with access to new technologieBhrough continued
collaborative science we have the power tidaess these issuabwe can remain open and
allow for some risk, be smart and make the rigatdions There is great hope and promise in
the future because of all of you!

Welcome and Review of the Agenda

Taber D. Allison, Ph.D.
Director of Reseh and EvaluationAmerican Wind Wildlife Institute

We have an outstanding set pfesentations and posterand | want to thank thepanel of peer
reviewerswho helped shapehe program based on submitted abstracts. Learn what
investigators are workingronow, what they thinksimportant. Take advantage tiie
opportunity to look at tle posters and visit with authors, talk with oral presenters andryou
colleagues.

As Abby described, the window of opportunity is closing rapidly. All signs pdhm to
importance ofreducing greenhouse gases, and wind energy is critical to achievirg thes
reductions. More research is needed, but aggressive reductions cannot wait; we cannot put
wind energy development on pause while we do the research. Our closing discadsi@sses
this issue.

NWCC Wind Wildlife Research Meeting Xl Proceedings 3
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A Conversation with Leaders:

Wind Power Today and Tomorrow and the Status of Conservation in the US
Moderated by Abby Arnold, AWWI

Panelists:

1 Garry George, Renewable Energy Directdtational Audubon Society (Audubon)

1 Sean Marsan, Deputy Assistant Regional Director, Midwest Ecological Servoisd
States Fish and Wildlife Service (USFWS)

1 Tom Vinson, Vice President, Policy and Regulatory Affairs, American Wind Energy
Association (AWEA)

T Steve Colvin, Ecological and Water Resoes Division Director, Minnesota Department
of Natural Resources (MMNR)

T Jocelyn Brown-Saracino, Wind Energy Technologies Office Environmental Research
Manager, United States Department of Energy (USDOE)

1 Mary Boatman, Environmental Studies Chief, OffmleRenewable Energy Programs,
Bureau of Ocean Energy Management (BQEM)ted States Department of the Interior

Facilitator Abby Arnold asked panelists to set the stage for the Wiitdlife Research Meeting
by giving their perspectives on the status datlre of wind power and wildlife conservation in
the United States. @ening statements from the panelists were followed by a discussion
generated by questions from the moderator.

OPENINGSTATEMENTS

Garry George, National Audubon Society

Emissionsreduit i on i s Audubon’s number one ed3fh4ser vat
species oNorth American birds threatened by range restrictions resulting from climate change

We are not going to make the 2020 goal. We need more emissions reductions, amhi@es

—wind and solar in particularare key pieces to any climastrategy. Audubon supports the

renewables wildlife impact mitigation hierarchy of avoid first, minimize second and consider

effective compensatory mitigation third in siting wind projeckhis hierarchy is compatible

with the critical outcome ofapidly reducing greenhouse gas emissions.

Sean Marsan, US Fish and Wildlife Service

We truly are interested in balance of species conservation andeftesttiveness. Thirteen
years ago, thee were less thatwo GW of wind on the Midwest landscape; there has been a
more than tenfold increase since then. Habitat Conservation Plans (HERIsg grimary
mechanism for assessing and reducing wildlife impacts for endangered species; an HCP is
required to obtain a permit for take of endangered species.

NWCC Wind Wildlife Research Meeting Xl Proceedings 4



New developments for USFWS include a Secretarial order for NEPA that gives us strict time
limits and page limits for environmental impact documents (ElIS0-pages, EA 75-pages).
The agency igying to streamline these process&$SFWS remains focused on trying to better

understand and minimize r i skweaetningtostreaminea “r et

the permitting process for projects with low eagle impacts, and take a siaplaioach for bats
in the Midwest.

Tom Vinson, American Wind Energy Association

We will fail to address the urgent threat posed by climate chahge continue with business
asusual permitting pocesses. Nationally, we have @& of installed wind gaacity, with

another 38,000 MW under construction or in advanced stages of development. We are on track
to achieve our 2020 goal of %bf US electricity from wind, but at the current pace, we will not
reach20%by 2030. Keep in mind that, if wind is natilb, it will be replaced not generally by

solar but by natural gas, which in someses in the near term is cheaper; thisi® a“win” in

terms of reducing greenhouse gases. The Federal production tax credit incentive (PTC) and
state portfolio requiremats have been drivers, along with casductions and corporate and
customer demand in recent years, but there are challenges to addres

1 Demand drivers-not just demand for wind but demand for electricity, the latter of
which has been stagnant; a quart® a half of contracts recently have been with
corporations (e.g., tech companies) and customers rather than with utilities, which
presents opportunities.

1 Policy—both carbon policy and federal energy policy is a key driver for wind. In 2015,
Congresgnacted a phaséown of the PTC. Consultants see project development
dropping 25 GW per year (from-I0 GW through 2021) after the Pplases out.

We’ re open to a variety of policies that
portfolio standards (RS), cafand-trade policies, carbon tax or EPA regulatory policy,
among others.

1 Cost- we can lower technology costs, but permittingdacompliance costs are key.

Steve Colvin, Minnesota Department of Natural Resour¢®N DNRY,

Minnesota has two ageies responsible for permitting wind projects, a Public Utilities
Commission (regulatory body) and the Department of Commerce, whielivescthe siting
permit application, conducts the review process and drafts peiN. DNR coordinates agency
review of energy projects for impacts to wildlife and other resourogerking both with wind
development companies (siting issues, sensitive siteavoid) and with Commerce, and
engaging in the public review process. Permits are then reviewed by the PUC withippiati

Most of the state’s el ectr i%rdndawgbles goal, guithmwid at e d
currently providing over 1%of MN electricity consumption. The vast majority (98)of
installed wind capacity is on private land.
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Jocelyn Brown-Saracino, US Department of Energy

DOE helped fund the initiation of the National Wind Coordinating Collaborative (NWCC) 24
years ag@nd has remained involved in supporting wind environmental research and solution
development since that time. The Depafto Ener gy ' s funls resear¢chraawogsaa m
suite of areas: wind technology development, grid integration, economic anaysisiting

and environmental research. Our environmental portfolio includes understanding drivers of risk
to wildlife (on landand offshore), the development of solutions, and efforts to disseminate
research broadly. Over thmast several yea®OE has issuednumber of competitive

solicitations to support environmental work, including funds to support bat deterrent
technologies, eagle physiology and behavioral research, and technologies to reduce sngpact
wind turbines on eagle$Ve are continuing our ingment in this area; wh our current
solicitatonwe ' r e eval uati ng -lpsedgnddfshdreswintl topscTheot h | and
current solicitation is the largest to date.

Mary Boatman, Bureau of Ocean Energy Management

The Interior Secretary has ggEn about the importance of offshore wind. Within the
Department, BOEM is responsible for energy development on the cotginental shelf.
Currently, there are 4,000 offshore turbines in Europe; the USivmsffshore turbines at
Block Island, RI. (Rdents formerly burned a million gallons a year of diesel, and now get all
their electricity from wind; they can hear th®rds now instead of the diesel engines.)

In terms of the environmental impact review process, we work with the National Oceanic and
Atmospheric Administration (NOAA) which is responsible for fisheries and wildlife impacts in
the offshore environmentand also for climate change, which likewise impacts fisheries. The
better we understand the risks, the better we are able to move fodmaith projects. For Block
Island, we have been able to gather data on sound impacts from constructions and early
operations, and so while recognizing that sound might pose some risks to marine mammals, for
example, we understand that for the greatest iagts are during wind tower foundation
installation.

QUESTIONS ANDISCUSSION

Moderator Abby Arnold posed questions foetpanel, focusing discussion on: (1) testing
minimization impact technologies; (2) net@rm research priorities; (3) whethemvestment
could or should be redirected from monitoring towards conservation; and (4) collaboration
goals.

(1) How do we support andacilitate testing of impact minimization technologies?

Abby: Wildlife impact minimization technologies need to be testededrpentally in the field.

This requires finding a host site, and there are costs associated with getting a permit to test,

andwih i ntroducing technology into an operation
verificationprogramis very expensive. USDOE has been instrumental in leveraging private
investment in these project€ N2 Y ! { C2 { &is thiSeNiterdSt O this @sting, and how
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do you allow it while remaining in compliance?

Sean: USFWS has a research p#ingiprocess; the agency definitely is interested. Research
also can be incorporated into the HCP permitting pro¢geseMidAmerican HCBresentation
for an example]

Garry: Companies that host these technology tests@mloy them should get some manner
of (regulatory) credit for making a commitment to conservation.

Abby:Are there models (fromtler industries) for how we think about funding research and
development for conservation purposes?

Garry: Look at the histgrof hunting in America [hunters are willingtof buy” conser vat.
birds so that they would have birdsto huat h at odel. a m

Abby: The Association of Fish and Wi ldlife Ag
Ameri ca’'MctWi)l dilhate i s now going through Congr €
sector with fees that would go into a pot to support researchrfon-game species.

(2) From your perspective what do you see as the top research priorities in the next two
years?

[Paneist responses are grouped by common topics and ther@pscifiaesponses are
attributed to Individualpanelists.]

Bat fatalities
1 Betterunderstanding of variales that affect bat fatalitiefJocelyn]
1 White-nose syndrome (WNS), how to addresavest inmitigation? We would prefer to
prevent listing, so the better we can understand impacts (to migratory tree bats, for
example) and how tavoid or mitigate them, the better. [Sean]

Largescale impacts
1 Conservation outcomes at scalgiflays, fullife-cycle of bird§Garry]
1 Systematic monitoring at multiple locations to learn what sort of population level
effects we may be seeing with bdteve]
1 More dataintensive questias and the tools to answer thefdocelyn]

Abby: Oukeynote speakewill speak to this question of how we collect and use data.

NWCC Wind Wildlife Research Meeting Xl Proceedings 7



Monitoring research
1 For offshore, we need to conduct baseisurveys prior to construction that allow for
identification of changes after construction. We also nézdetermine what
monitoring requirements to include at first point of permitting. [Mary]
1 Should particular research protocols be revisited? [Tom]

Permitting
1 Habitat conservation planning for species; more clearly defined processes that
streamline permiting [Sean]

1 Streamlined timeframe and cost of permitting processes forimk projects [Tom]

Technologies

1 Curtailment-finding the right balanceot cutin speed4Sean]

1 Would like to get regulator acceptance (i.e., greater certaintypfomising
technologies, and incentives that provide companies greater operational certainty
(limited liability) within some bounds. [Tom]

1 Implementation of masures to reduce bat fatalitiefSteve]

1 We hope we see more technologies that are verified andlabie. [Jocelyn]

(3) Could investments of monitoring at project sites be better invested in conservation
measures?

Garry:This is an important questiondefinitely something we should be looking at.

Tom: Industry agrees that there are some questions tieve been asked and answered, while
there are others that really should get the focus of our research investment. Can resources be
redirected to higher conservan priorities?

Sean: Monitoring is costly. How can we use the data we have or pool dagédtéy inform
monitoring so that i1t doesn’t have to be so e

Mary: One model for making better use of funds that would be spent ore@roponitoring is

to collect that money from each developer and pool it to look at wildifpacts on a larger

scale or address research to aid recovery of impacted species. One example comes from the
development of renewable energy, in this case solad #he California desert tortoise, where
habitat is impacted. Rather than requiring each deper to monitor their installation, funds

are pooled and used to address research that will help the tortoise to recover, such as reducing
predation by ravens.

Jocelyn: Agreedwe need to expand the scale of our understanding, rather than asking
guegions at projectby-project basis.

(4) What do you hope to accomplish through collaboration in the next two years?

Garry: Audubon is well partnered withwindandsola We'’ ve had some succes
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the Federal government (BOEM and BLM in the westates} and with the California

Governor. California is setting aggressive renewable energy goals and meeting them through
voluntary pl anni nepcan énéetintosplainiogpkoceases thatoneentwizea t
devel opment in “"gbfyangatheastagust iden

Mary: With the Block Island project, the developer collaborated with the state, academia, and
BOEM. We were able to conduct reseateladdress the most pressing questions with the
support of all stakeholders.

Sean: | am encouraged by the level of partnership within wiidlife world. Shared goals
bring a lot of people together.

Steve: Collaboration and coordination among stajeracies and wind producers has been
good as we look at wind projectdikewise for solar.

Jocelyn: We could do more internationally, both from the perspective of solution development,
and in terms of learning from each other to retire specific risk jaes. | am optimistic that

this community of stakeholders will find solutiorighe dedication to collaboration in this space

is phenomenal.

Tom: We could do a better job of communicat.
collaborating, and how much ware learning. (Props to Audubon for helping get this positive
story out.)
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Evaluating Indirect Impacts to Birds

Moderator: Anne Bartuszevige
Playa Lakes Joint Venture

A Meta-analysis of Effects
of Wind Energy Development on Grouse Populations

Presenter: Chad LeBeau, Western EceSystems Technology (WEST), Inc.

[slide presentatioh

Authors: Chad LeBeau, Shay Howlin, Karl Kosdiugstern Ecéystems Témology, Inc.)

PROBLEM RESEARCNEED

Grouse (etraoninaespp) populations benefit from large intact areas of habitat that satisfy all
life cycle requirements. Anthropogenic influences that fragment grouse habitat could affect
population growth rates, @rsistence, or occupancy through negative behavioral responses
effectively leading to habitat loss. The extent of negative behavior responses associated with
anthropogenic features including wind energy development likely varies and is dependent on
size, bngevity, and density of structures. In addition, the magnitofléhe effect can vary
depending on the lifeycle period of the species.

Sagegrouse Centrocercus sppand prairiechicken Tympanuchus sppspecies are
experiencing rangavide declinesaind there are concerns that wind energy development will
exacerlate these declines. Further, wildlife management agencies have assumed impact
buffers around wind turbines and other infrastructure that, in some cases, are based on a
limited number of studie and not a complete synthesis of available research.

There hae been numerous publications on grouse behavior. Previous-aredyses

conducted in 2010 and 2014 found that anthropogenic features such as powerlines and
especially roads, oil and gas dey@mhent have adverse effects, displacing grouse from habitat.
They also showed that the magnitude of displacement varied based on the season and annual
cycle of grouse populationslowever, these earlier studies acknowledge that there were not
enough studis conducted on the effects of wind energy on grouse populatiomsclude in

their analyses
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Objectives

Metaeaanal ysis i s powerful tool that all ows wus
To better understand responses and manage grouse speziags/e to wind energy

development, WEST Inc. synthesizedc¢heent peerreviewed research on the effects of wind
energy development on grouse species by conducting a{aeddysis to quantitatively

evaluate effect size§.he objective was to build upgrevious metaanalysis to estimate an

overall effect size ofidplacement and survival relative to wind turbinaesd determine if the
magnitude of effect size varied among season or grouse species.

APPROACH

Since 2014there have been numerous studiggiblished on wind impacts on grouse. The
majority of publicatios looked at displacement and survival rates, each measured looking at
multiple parameters. We retained all peegviewed literature that directly measured the effect
of distance to turbines ogrouse response variables

1 Displacement was measured in habitete, occupancy, and lek counts where an
adverse effect of turbines would equate to large displacement near turbines.

1 Survivalwasevaluatedusingdifferent fithess parameters including nebtood, and
female survivalwhere an adverse effect of turbines would equate to low survival near
turbines.

For each study result combination that evaluated survival and displacement we calculated
Fi sher ' s H#dsectdtestéhe signifcanceatke difference between twaorrelation
coefficients, r and r, from independent samplgsand put them into a hierarchal randem
effects model (nofbreeding vs. breeding effect) to account for wittstudy correlation where
one study may have reported motiean one result. We also eluated the influence of season
on displacement and survival and whether the effect varied by species.

We also tested for influential cases and publication bias. In raptdyses it is important to
determine whether one studyta “ i n f | u enfluencea the resals mdre than other
studies Publication bias is another issue in mataalysis because significant results are
generally more likely to be published than nsignificant results, so we tested for this bias in
our analysis.

HNDINGS

Ofthe 350 matches to our Google Scholar search terms, 13@e@wed studies evaluating
the effectof turbines on 4 grouse speciagéater sagegrouse, black grouse, red grouse, and
greater prairiechicker) met our study inclusioneguirements. From these we extracted 34
study-result combinations which varied depending on the grouse behavior.

Slide #11 shows the effect sizes associated with each sasiljt combination for
displacement. Boxes to the rigbf the vertical line repreent a displacement effect of wind
turbines on the studied grouse populations, with the size of the box representing the influence
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of each study on the effect size and the blue lines repraegmihe confidence intervals of each
effect size. We found somevidence of displacement as the mean effect size was positive and
had a pvalue less than 0.1.

The overall effect size of survival relative to turbines was negative, meaning that risk was higher
in habitats in close proximity tturbines. However, as ilttrated in slide #12, this effect was not
significant (pvalue = 0.646). We did not find any difference in effects between breeding and
non-breeding periods. Greater prairghicken experienced a greater impact of displacement

than other species.

We now lave enough information specific to wind turbines and are able to add to the
understanding of anthropogenic effects on grouse populations (slide #14). Based on the results
of this study, structures like oil and gas and roads appehave a greater displament effect
compared to wind turbines. Oil and gas structures and roads have a similar ability to fragment
the landscape as do wind turbines, but the degree of human presences tends to be lower
around wind turbines whereas peopdee more frequently pres# on roads ancdhearoil and

gas structures. That human presence factor may be the differences in effect sizes between
these anthropogenic features, but this should be explored further.

The majority of our study results came iindive studies, three of lich were in North America.
Our analysis considered four grouse species, two of which occur in North America. Studies of
grouse species of conservation interest including lesser preticken and sharmiled grouse
populationswere not included, as ndwdies met the study inclusion requirements. However,
because these species behave similarly to the studied grouse species, we would expect the
impacts of wind turbines on them to be similar.

CONCLUSIONSAPPLICATIONS

This metaanalysis determined thahe effect of wind turbines is lower in magnitude compared
to other anthropogenic features, suggesting conservation measures specific to those features
may be applicable to grouse conservation relative to wind turbines.

There is gidence of displacementub it does not appear to affect survival/ fithess of

population. Effects depend on landscape characteristics and grouse populations.

These results do not consider cumulative effects as the studied grouse populations are located
great distances apart. Asith other forms of development, as more facilities are placed on the
landscape, impacts to affected grouse populations are likely to increase.

Questions & Discussion

Q: In your research, have you identified any large gaps befare can start using this@ence?

A: There are quite a few gaps with regard to grouse and wind energy: lesser-ptadgkens
and sharptails, also cumulative impacts. Studies we evaluated showed evidence of
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displacement, but we need to look at size object and surrounding larstape and
connectivity questions. Are they traveling around or through to get to breeding area?

Q: How did your metaanalysis evaluate publication bias, that is, that studies that reject the
null hypothesis are more likely tbe published?

A: We used avhible techniques for evaluating whether studies only include significant results.
We did test for that bias, but did not find any.

Q: What are your plans to continue your work at Cimmaron?

A: We are looking for funding to studesser prairiechickens irKansas and saggouse in
Wyoming to investigate connectivity. We will proceed to publication of this raetysis soon.

Q: Any sense of habitats with greater resilience to turbine placement?

A: 1 would like to exploréhat more. What is the surroundinggbitat like? How fragmented?
Are there other nearby areas for the birds to utilize?

Estimating Indirect Impacts of Wind-Energy Development for Breeding
Grassland Birds and Waterfowl
in the Northern Great Plains

Presenter: Jill Shaffer,
US Geolomal Survey, Northern Prairie Wildlife Research Center

Authors: Jill A. Shaffel{S Geological Surye¥harles R. Loesdb§ Fish and Wildlife ServJice
Deborah A. BuhlUS Geological Surjey

Note: The method foquantlfylng displacement on whichisipresentation was based has been

adzo YAGGUSR G2 | 22dzNyFf F2N) Lz f AT M2aKE BRSNS
providing for these Proceedings the actual details andweald examples of that method. The

summary below will be, by necessuwy, overview of alreadpublished research that provided

the foundation for the method, as well as a general overview of the method.

PROBLEM RESEARONEED

Wind-energy facilities continue to proliferate across thadscapes of the Great Plains, yet
implementation of mitigation tools that ameliorate the loss of habitats or behavioral avoidance
(i.e., displacement) of wildlife from wirfcility construction and operation is rare. Two
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published research studies camcted in the northern Great Plains by thkS Geological Survey
(USGS)and by the US Fish and Wildlife Ser({ld8FWS) and Ducks Unlimibdve established
the displacement impact on breeding grassland birds and waterfowl, respeciively.
research prowded the capability to develop a method bffset displacement.

Objectives

1. Explain a method that quantifies the displacement of birds by wind facilities by
calculating the amount of grasslands or wetlands needed to support the displaced pairs

2. Provide a displacement rate for grassland birds eonplement the published
displacement rate for waterfowl

3. Provide examples of the method for cases where the offset habitat is of equivalent
biological value as the impacted habitat, as well as where tfsephabitat is not
equivalent, using examples faind infrastructure

4. Provide a framework for developing decisisnpport tools aimed at landscagevel
conservation delivery.

APPROACH

Results of a Beforafter-Controlimpact (BACI) assessment conautby the USGS Northern
Prairie Wildlife Researche@ter (NPWRC) were used to demonstrate the degree to which-wind
energy facilities placed in native mixgdass prairies displaced breeding grassland Bitds.
summary, during 20062012, NPWRC monitoredages in breeding pair density of eight
grasslandbr d species and one generalist species

Wind project in Oliver County, North Dakot a,

Dakota, and NEnergyEerderis Hy8eBCouMyy, South Dakota) and o
corresponding reference sites. This approach allowed for the comparison of avian density for
two time periods: one year prproject construction with the year following construction
(immediate effect)and one year prgoproject construction with averagannual density for two

to five years posproject development (delayed effect). Displacement or attraction was
measured as the change in density from-meatment to posttreatment years on the

treatment sites relative to the reference sites by wind fagjlbird species, and distance

category (100, 200, 300, and >300 m from turbines) for the two time periods these data,
NPWRC calculated a displacement rate for the eight grassland bird speciesttios of
calculating and the results of which viok published in a forthcoming journal article.

To calculate average displacement rate for waterfowl, USFWS used the findings from Loesch et
al. (2013j. The study, conducted by USFWS and DU, usedcaicentyear pairedreference

3 Shaffer, J. A., and D. A. Buhl. 2016. Effects of wind-energy facilities on breeding grassland bird distributions.
Conservation Biology 30:59-71. DOI: 10.1111/cobi.12569

4 Loesch, C. R,, J. A. Walker, R. E. Reynolds, J. S. Gleason, N. D. Niemuth, S. E. Stephens, and M. A. Erickson.
2013. Effects of wind energy development on breeding duck densities in the Prairie Pothole Region. Journal of
Wildlife Management 77:587-598. DOI: 10.1002/jwmg.481
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site design to estnate proportional differences of breedifgpir estimates between wind and
treatment sites for five species of dabbling duck species at two wind energy faclites(i ona’ s
Tatanka project and FPL Kulm/Etzy Wind Farm, LaMoure County, North Dakota

To calculate the amount of habitat needed to offset (i.e., provide compensatory mitigation) the
avian displacement impacts of wind facilities, the authors described how the displacement rate
and several othr metrics related to the impact site, as well aseanetric related to the offset

site (i.e., the site where mitigation would occur), were applied. In addition to the empirical
model, landscapéevel decisiorsupport tools were developed by USFWS. Théstbave a
three-fold value: (1) to indicate wheresuitable (i.e., of equivalent biological value to the impact
sites) offset sites are locate(B) to evaluate the value of an individual potential offset site
relative to the pool of all available offset sites (e.g., finding offset sites located within a
landscape of greater grassland intactness than an isolated offset site{3ptalindicate

locations where the placement of wind facilities may have a lower chance of triggering adverse
behavioral impacts to birds.

HNDINGS OBISPLACEMENT

For grasslaa birds, seven of eight species (Upland Sandpiartfamia longicaudp Savannah
Sparrow Paserculus sandwichengissrasshopper Sparroviinmodramus savannarupnClay
colored Sparrow$pizella pallida Chestnuicollared Longsputdalcarius ornatys Western
Meadowlark Bturnella neglectia and Bobolink[Polichonyx oryzivoriisshowed displacemén

within 300 meters of wind turbinesAnother grassland bird species, Vesper Sparrow
(Pooecetes gramineyswvas unaffected by wind facilities, and one genetralpecies, Killdeer
(Charadrius vociferodisexhibited attraction. Although level sfatistical significance varied

across wind facilities, species, distances, and time period, effects were consistently negative for
seven of the speciedisplacement wa detected oneyear posttreatment, and this

displacement effect persisted at leastdiyears. No statement of effect can be made beyond

this time period, as the evaluation was conducted only out to five yearstpesiment.
Displacement was more preit near turbines than further away, with the majority of
displacement oaarring within 300 m. Statisticht significant (psalue <0.05) displacement was
detected at all three wind facilities, within all distance categories, and for seven of nine species
evaluated! The calculation of displacement rate for grassland birds will be presémtzd
forthcoming journal article upon acceptance and publication.

For the five species of waterfowl (Mallaréirfas platyrhynchdsNorthern Pintail A. acutd,
Bluewinged Teal §patula discois Northern ShovelerS. clypeathand Gadwalljiareca

streperd), the estimated densities of duck pairs on wetlands at wind facilities were lower for 26
of 30 sites, species, and year combinations, and of these 16 had 95% cretgibdals that did

not overlap zero and resulted in displacement rates rangiogn O to 58%, with an average

rate of 2097

CONCLUSIONSAPPLICATIONS

Avian displacement rates can be used as a foundation for calculating how much habitat is
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needed to suppd displaced breeding pairs. In other words, the quantification of offset
measires can be computed.

A manuscript explaining the quantification through readrld examples and calculations has
been submitted to a journal.

Landscapédevel conservatiofdelivery tools carprioritize grassland bird and waterfowl habitat
conservatiorareas to help guide placement of offset areas likely to be of equivalent biological
value to impact sitesThesetools alsocan guide the siting of wind facilities in lowealue

habitat, such as alreadyagmented grassland landscapes with few seasonal wetlands, where
the level of impact obehavioral displacement may not require offsetting measures.

Questions & Discussion

Q: In your research, have you identified any large g&gyChad and Jill]

A (Chad: There are quite a few gaps with regard to grouse and wind energy: lesser prairie
chickens and sharfails, also cumulative impacts. Studies we evaluated showed evidence of
displacement, but we need to look at size of projectlaurrounding landscape and
connectivity questions. Are they traveling around or through to geh#ir breeding area?

A Qil): The science that we presented can be used immediately to start infortkeicigions. No

science is ever perfect, but as Tom3aon, AWEA Vice President of Policy and Regulatory

Af fairs, alluded to during the “Conversation
must work with the best available science that we hawgv, although we can work on

bettering that sciencevhen allowed. With regard to the science of behavioral impacts, there

are a number of ways to improve future research:

1 Only a few species have been evaluated: nine in my research and a handful in other
studies.

1 My research occurred in grazed mixgaassprairie, but impacts on birds in other
ecosystems are largely unknown, such as the playa landscape that Anne [Bartuszevige,
the moderator] works in.

1 Few BACI studies have been conducted and one readbat obtaining the years of
pre-treatment information is difficult. However, it is important to have that information
to develop a baseline for normal levels of population fluctuation in the avian numbers
and distribution due to normally occurring vation from such things as precipitation. In
order toget this pretreatment information, the wind industry would have to work
closely with biologists. Other walksigned studies utilizing nearby comparable paired
sites also provide useful information.

1 Aswind facilities get built closer to one another dmetsame landscape, the issue of
cumulative impacts should be tackled.

A
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bird abundance?

A: Yesthere is a net loss. For simplification purposes, wegmesd an example in which the
amount of impacted habitat is offset by the protection (through a perpetual conservation
easement, for example) of a comparable amount of existing grassland habitag tsuly

replace the lost habitat, and not just to pratehabitat from future development, a developer
would need to create new grassland habitat through restoration. There are logistical
constraints to that option, namely that creating a biologicatiynplex grassland can take years,
one cannot be sure thahe bird community will be the same or that the avian density will be

the same as the impacted habitat, restored grasslands have special management needs, and
willing landowners from which to acqeitand have to be found. Restoring a grassland and then
maintaining it afterwards can be very expensive. However, there are many examples, including
the US Department of Agriculture’s Conservat.i
proven successfuhiproviding avian habitat. And, in the face of doing magh at least the
protection of already existing patches of prairie ecosystem through mechanisms like perpetual
easements protects those patches from future destruction and means that more haistaisl
stemmed.

Q:52y Qi &2dz YySSR (i 2ady oy demitigaidh sie1IS OA Sa | NJ

A: Yes, for the method to be applied, you need to know avian density on the mitigatich site
which means you need to know the species. If the species composition amplaeted site
and the mitigat i omitwesuidna beanappiopriate sitigationsder , t h e

Q: Was percentage displacement correlated to pireatment density?

A: Statistically, percentage displacement was not correlatepréstreatment density.
Percentage displacement was calculated usingtpratment density. Specifically, percentage
displacement was based on the change in density from theing@ment density to the post
treatment density.

Q: Any sense of habitats \h greater resilience to turbine placementfChad & Jill]

A (Chad: | would like to explore that more. What is the surrounding habitat like? How
fragmented? Are there other nearby areas for the birds to utilize?

A (Jill) My research looks at avianresgoe t o t ur bi nes, not to habit:
assuming this question ight relate to greater resilience of birds depending on the habitat that
they occupy. | have no direct data to answer this question. One might surmise based on issues
of area sensitity that grassland bird populations would be less affected by windtfasilin
landscapes in which individual bird pairs have alternate grasslands to occupy once being
displaced by a wind facility. However, the placement of a wind facility in a landfegpeents

that landscape, thus lessening the overall integrity of thadscape for bird populationfrom

a grassland bird perspective, it is better to place wind facilities in already aklemnddcapes,

such as croplanddowever, from a waterfowl pergetive, wetlands in cropland also provide
breeding habitat for pairs. @sequently, in the Prairie Pothole Region, a cropland landscape
with low wetland density might be the best option.
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Q: What mitigation measures should be taken in similar quality hadtito compensate for
impact of wind farm construction?

A: True mitigatbn would involve creating new grassland habitat to replace habitat lost by the
wind farm, but see the response to the above related question on net loss.

Not asked during Session

Q: How many years of préreatment were surveyed to inform the baseline bis/hectare?

A: One year. Because of the confidential and competitive nature of wind development, most
studies on turbine effects do not have ptieeatment data. The wind developgagreed to
allow us one year before construction began; ideally, we wbalkk had multiple years.

Q: Your sample sizes are so small. How can you be certain you are observing displacement as
opposed to variation or insignificandifferences?

A: In wind/wildlife BACI designs, sample sizes are typically small due to tieeregfiotioned
difficulty in obtaining from wind developers the exact locations of turbines prior to turbine
construction, but because prigeatment data areavailable and used in the analyses, these
analyses are generally more powerful than other designsawit any pretreatment data. With
small sample sizes, low power reduces the chances efctiag significant differences.
Generally, only very large difiemces can be detecte®@ut even with small sample sizes, we
were able to detect a number of signifrdadifferences.
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Improving Impact Assessments for Birds and Bats

Moderator: Eva Schuster
Kompetenzzentrum Naturschutz und Energiewende

Assessing Standardization in Studies of Wind Energy Impacts on Birds
and Bats

Presenter: Todd Katzner, US Gelogical Survey (USGS)
Authors: Todd Katzner, Tara Conkling, James Diffendod8r@Geological Suryeyadam Duerr

(Bloom Biologica) Scottlos{Oklahoma State UniversjtyTaber AllisonAmerican Wind
Wildlife Institute

PROBLEM RESEARONEED

Increasing global energy production along with the need for climate change and air pollution
mitigation is fostering development of renewable energy as an alternative to fossil fuels. Wind
energy facilities are known to affect wildlife, with fatalities sad ly collisions the primary

focus of research. To predict and estimate these impacts,gré postconstruction

evaluations of wildlife habitat use, abundance, and mortality are often conducted. However,
neither the degree to which these surveys arenstardzed within and across facilities nor the
degree to which limitations exist in the collective body of wildlife impacts reports and
publications generated to date have been explicitly quantified.

Objectives

We conducted a systematic literature seatohdentify peerreviewed publications and
unpublished reports on wildlife impactsom wind facilities in the U8nd Canada to determine:

1. the frequency of bottpre- and postconstruction survey implementation and how
survey methodologies have evolvedentime;

2. how frequently explicit experimental designs are implemented to allow for before
after analyses or impaetontrol analyses implemented; and

3. the degree of data standardization across4ard postconstruction surveys and
among facilities to asss efects of renewable energy facilities on wildlife
populations.
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APPROACH

We compiled 548 reports and citations and analyzed 479 reports from 194 wind facilities.

HNDINGS

Preliminary analysis of our dataset suggests fhagt-construction monitoring for dect wildlife
mortality from wind energy infrastructure has been a standard practice 416 reports), but
pre-construction monitoring to determine baseline wildlife abundance, habitat use, or mortality
rate has been limitedn(= 68). Notably, only 19.686 facilities(n = 38)had data collected both

pre- and post construction, and only 5facilities (28.9%) followed an experimental study

design that included preand postconstruction analyses or reference or control sites. Among
wildlife habitat use sweys, very few (4 of 109 facilities) included detection probability
estimation, a factowhich limits comparisons of biological information between-@med post
construction periods and among facilities. Moreover, the likelihood that a project will
incorporate experimental design has not increased over time.

CONCLUSIONSAPPLICATIONS

Given these limitations across the collective body of research, we identify best practices that
can improve the utility of future habitat use and mortality surveys to adelygpredict and
guantify impacts of wind energy facilities on wildlife.

An article déailing these findings has been submitted to Conservation Biology, and is in review.

Questions & Discussion

Q: Did you find studies looking at raptor (neeagle) nest ecupancy preand post
construction? There is a need to understand what lower nest pecicy postconstruction
means.

A: There is a need to understand the response of nest occupancy, but we did not look
specifically at t hat .atabettmanswertthats ur e we coul d u

Q: Do you know of any efforts underway to standardize the ggof data collected (or
collection methods) across stages of project development (or across projects)? Will your
research be used to begin these standardization conaéimns as they relate to relevant
policy and required data collection/sampling campaig®

A: 1 know of no efforts to standardize data collected across stages of project or projects. What
data is collected depends on the agencies, consultants, operatiotsS&keholders (agency
managers, developers and operators) need to push each other to opméth a scheme that

lets you do repeatable controlled experimentere is theotential without greater cost to do
things in a way that would add not just tortservation at projects but also to our ecological
understanding.
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Q: Industry likely spendsiundreds of millions on impact assessment. Assuming we all want to
shift costs to conservation, what is the one thing each of you would recommend to maximize
the efficiency (not the amount) of impact assessment dollars spent?

A Manuelg: There is a lotforesistance to continuous monitoring for extended periods. | am

working to develop a protocol that could be applied everywhere (every turbine, continuously)

but ata very low rate (e.g., road and pad surveys). Having those data made publicly available,

and the gain of having data from the entire world rather than just individual projects, would

all ow us to see patterns that ewhavealmostnda see no
publicly available information from Texas. The idea is to do somethindoxeryey, not

expensive, but do it consistently everywhere!

A (Todd: What would be helpful is coordination and standardization among facilibewsg

that would increase your sample size dramatically, which means not having to dive in as deeply

at anyone site. If everybody does the same thing, we can pool data and begin to understand
what’' s going on. Spread the eff pomtifyaurwant nd a't
to estimate the height of men getindiedualtemmg t hi s
times; rather, measure ten different men once and take an average.)

Carcass Age and Searcher Identity Affect
Morphological Assessment of Sex of Bats

Presenter: David Nelson, University of Maryland Center foEnvironmental Science

[slide presentatioh

Authors: David Nelson, Juliet Nagel, Reginat{] Caitlin Campbell{niversity of Maryland
Center for Environmental Sciepckori Pruitt S Fish and Wildlife SerJjicBhett Good, Goniela
Iskali Western EcoSystems Technology) Ifaul Guggetniversity oMaryland Center for
Environmental Sence

PROBLEWMRESEARCONEED

Understanding the ecology and conservation/management status of species requires
knowledge of their distributions, including differences between seiRasige maps do not tell

us anything abut abundance, how it varies with s&an, or about difference of distributions by
sex. Females tend to occur in regions with warmer summer temperatures, but getting a more
accurate picture of the sex ratios of turbikéled bats would help us in assessihg impact of
wind energyrelated matality on bat populations.
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There is some morphological evidence that more male than femalertresting bats are killed

at wind-energy facilities, but while carcasses provide an important resource for assessing the
vulnerability of bat species to thrég the reliability of sex data derived from the external
morphology of bat carcasses remains uncertain. DNA testing provides a more accurate method
of carcass sex identification, but it is not as easy or quick to mbtai

Objective

The objective of this ark was to better understand what factors influence the accuracy of
morphologybased sex identifications of carcasses of reesting bats? Candidate factors
included:

1 Carcass ageolder carcasses more likely clagsifas unknown or misidentified

1 Time d year- reproductive organs are more visible at different times of year; scavenger
activity or decomposition may also vary seasonally

1 Searcher identity- skill, experience, commitment

APPROACH

We usedyenetichased assessment of sex to evaluate the ¢ftécarcass age and searcher
identity on morphologybased sex assessments of Eastern tegiirus boreal)sand hoary
(Lasiurus cineredidbat carcasses identified by 15 different searcherswina-energy facility in
Indiana. A total of 103dstern redand 117 hoary bat carcasses were identified between from
July through October over a thrgear period (201€2012). Carcass age was estimated from
search frequency and carcass condition, and sax identified using both external morphology
and DNA.

Fiser’ s exact test was applied to determine t he
on the number of incorrect semorphology identifications of fresh (< 1 day old) carcasses.

HNDINGS

Ashad been observed in an earlier comparison done at a [&eg@s facility, fewer carcasses
were identified as male using DNA identification. At the Indiana site, males were
overrepresented by 940% in morphologypased sex identification.

Older carcassesre more likely classified as unknown, and more likelyeddmalesThe
proportion of carcasses for which morpholeggised sex was unknown increased from 0.11 for
those recovered within a day of death, to 0.56 withi#B2Zlays of death, and t80.82 at>4

days of death. The proportion of carcasses for whichwsexcorrectly identified based on
morphology decreased from 0.9 for those recovered within a day of death, to 0.65 witBin 2
days of death, and to 0.25 a#t days of deathTherefore, to look athe effect of other factors,
we limited the assessment toesh carcasses.

We did not find a strong correlation between accuracy of morpholegged identification and
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time of year.

Searchers differed in their ability to identify s@he proportion oimorphologybased sex
misidentifications of the 108 fresh @sses (collected within 24 hours of death) varied<0.0

0.43) among searchersko wever , there was no relation bet we
bats and the proportion of bats identified asxse “ unk nown” . I n ot her word
more carcassesere no more accurate at identifying sex. Nor were more conservative

searchers (those more |ikely to identify a ca

CONCLUSIONSAPPLICATIONS

These results suggest that morpholegsed assessments shdule limited to fresh carcasses.
Furthermore, additional training of people who collect and identify bat carcasses from
renewableenergy facilities may improve the accuracy of morpholbgged sexdentification
data obtained from carcasses.

These resultalso suggest that there may be overrepresentation of males in existing
morphologybased sex identification of bat fatalitiesat least for Eastern red and hoary bats
and it may be premature teay that relatively more male Lasiurine tremosting batsare being
killed at windenergy facilities.

Potential next steps include the following:
1 Determine if results are applicable in other settings and bat species.
1 Assess if additionataining/oversight of searchers improves accuracy of sex
morphology data.
1 Use DNA analysis of carcasses from rangke sampling to assess potential bias toward
fatalities of male treeroosting bats at wineenergy facilities.

Questions & Discussion

Q: How much training on sex ID did your searchers have before beginning?

A: Seachers were shown how to ID sex based on external morphology. However, consistent
protocols and training were not in place at the time of our study. Going forward, | would like to
have more information about searcher background and the specific trainiriggtitdn searcher
received.
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Where Carcasses Land — and Why It Matters

Presenter: Manuela Huso, United States Geological Survey (USGS)

ABSTRACT

It has long beemecognized that the turbineaused carcass density beneath turbines is not
constant but tgers out to zero at some unknown distance from the turbine. Estimates of total
mortality at a site are dependent on accurate estimation of the density distributi@a@asses

to appropriately account for those areas that were unsearched or unsearchaddent work

has identified algorithms that can provide unbiased estimates even under anisotropic
conditions. While exploring the properties of these algorithms wealisred a strong, but not
surprising pattern: the spatial distribution of bat carcassegahels on wind speed during the
night of their demise. At a site in the Midwestern US, all vegetation was cleared within 90 m of
16 turbines that were fully operatioma.e., not curtailed. Searches for bat carcasses were
conducted dai | grcassesd<2dbhoursysinct arnva)svaré included in the
analysis to relate fall distance to average wind speeds of the prior night. We found that the
proportion of cacasses landing beyond & of the turbine increased consistently with

increasing wind spad. This has strong implications for interpretation of results of curtailment
experiments where search radii are relatively small. No published curtailment expericment
date has been conducted using search plots with substantial amount of searched&bea >

from the turbine and all have assumed equal detectability among treatments. If not properly
accounted for, reduced detectability of fatalities occurring duriighbr wind speed conditions
may bias results in favor of the curtailment treatment. Wecdss the implications of these
preliminary findings and propose alternative interpretations and suggestions for future studies.

[ Edi t o Neéitker theasltdes naa summary of this presentation was available at the time
of publication. Contact Manuelduso (mhuso@usgs.gov) for more informafjon.
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Leveraging Artificial Intelligence for Wildlife Mitigation,
Wind Energy and Conservation

Keynote Speaker: John Yarbrough, National Renewable Energy Laboratory

[slide presentatioh

PROBLEM RESEARONEED

As development of wind energy increases, so does concern for imopéeits and other

wildlife. Impacts to wildlife can inhibit or prevent wind energy developtras well as impose
significant fiscal impacts on the industry. Unfortunately, there are no easy answirssi®
problems. We are faced with a twofold challenge: kaaf unified data sources and the complex
nature of the data itselfOver 900 bird and 4@at species are potentialgffected each species
having its own morphology, sensorial characteristics, phenology, behaviors, abundance and
distribution. Wind farmgliffer in terms of size and configuration, types of equipment and
location. Bird or batriteractions with wind energy projects vary regionally, and depend on
landscape features, flight pathgraging and breeding opportunities, and weather variables.
Theinner workings of wildlife interaction in and around wind farms is complex and data
intensive, and this has resulted in a lack of consensus on best strategies for minimizing the
impact ofwildlife and wind energy, especially batrbine interactions

Currently, industry eitheusesa blanket curtailment strategy a@s exploringsome sort of

“smart” curtailment strategies that -addepend on
deterrent technologies, or a combination of approach®mart curtailmat and deterrencere

still in the experimental stageandtheir refinement and implementaon isinhibited by

uncertainties and the difficulty of pinning down the conditions at the time fatalities occur. We

have seen presentations on the use of automadiadia collection, but most of the data we

gather is still being analyzed manually by gradustidents. To deal with complex, data

intensive questions in real time, we need to leverage advances in data science and artificial
intelligence(Al).

Objectives
Given advances in computer technology, decreasing data storage aodtthe exponential
development and implementation of Al, can we leverage Al and computer vision to:

1. Develop and implement smart curtailment strategies based upon wildlife activity
patterns?

2. Use realtime wildlife activity monitoring to inform curtailment decisions?
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APPROACH

Introduced by William S. Cleveland in 2001 as an independent discipline that extended the field

of statistics to incor por afatesciengdaisttemersestion n c om
of domain expertise, computer science, and mathematics (#lidy. Concentrations within

data science include advanced visualization tools, data management and processing, and deep
analytics. Within the category of deep artadg, Alleverages statistical analysis and machine

l earning to make la gceonmpluyt”e ra st hhiunnka n“si ndtoe,| by it
information (data), using rules to reach approximate or definite conclusions, anrdosedicting

conclusions witladditional dataAlis used in many fields from marketing to medicine (slide

#12).One Algpl i cati on, “Watson” is able to detect <c
radiologistssce ven cancer that doesn’ t—usifgpreditvep i n r adi
analytics, a subset of machine learning.

For understanding and minimizing whwndldlife interactions, Al offers two types of relevant
applications: machine | earning and computer v
eyes, analyzing visual ages collected automatically at the pixel density level. We have seen

some examples of thigith technologies that use thermal imagery to detect birds and bats

offshore, and classify tracks as bats, swallows, gulls or terns based on flight pattern aesl shap

HNDINGS

The use of machine learning to learn about wildlife began around the year 268300k off
exponentially around 2012. Examples of deep learning and computer vision in the scientific
literature include:

1 Bird movements at rotor heights meagal continuously with vertical radar at a Dutch
offshore wind farm(Ruben C. Fi)n

Twao-dimengonal thermal video analysis of offshore bird and bat flig@ttari Matzner

Automatic identification of bird targets with radar via patterns produced by wing
flapping(Serge Zaugg

1 Automatic classification of flying bird species using computer visidmiqaes(John
Atanbor)

1 The first artificial intelligence algorithm for identification of bat species in Uruguidy
93% accuracy in identification of speciesng acoustic variable&( Botto Nuneg

T Cl assi ficat sixonachiseleareirg algorittmnin radar ornithology80%
accuracy in discriminating between birds and #Amalogical targets; did not perform as
well when discriminating between bird funchal groupglsabel M. D. Roja

Al is changing the way we visualize wildlife data. Dashboaeddesigned to incorporate and
visualize vast amounts and types of data. Computer technology is now allowing us to visualize
data in threedimensions.
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GONCLUSIONSAPPLICATIONS

The National Renewable Energy Laboratory (NREL) and other organizatioasfarg bp their
computational abilities. Located in NREL’s En
Center combines statef-the-art visualization and collaboration tools, allowing researchers and
engineers not just to look at, but to rotate, emt and walk through the wake pattern to

understand what turbulence means for the wind farm (slides-22)

NREL is moving away from prigtary to open source software, such as OpenCV and

TensorFlow (slide #22)designed to make Al available to moreopée. This will revolutionize

the use of these | ibraries of data we’ve been
curtailmentstrategies modeled after wildlife activity patterns using reade detection and

existing data sets and machine taang-based forecasting systems, improving our predictive

capacity.

We canreduce wind turbine downtime and decrease wildlife facilitthry ar en’ t we ?

Questions & Discussion

Q: What do you need from us to provide you with the data you need to buildaggorithm
that can operate and hopefully findune a smart curtailment strategy?

A: For machine learning to work, we need vast data sets to train the computers. What data are
out there, what questions are we trying to answer? What variables do you wantooporate?

Al is welsuited to working with many variables. (For examplehim policing model, they

identified 1,400 variables that affect crime, and were able to determine 30 variables that were
particularly useful for the model.) So, we need toritiy those variables and find the data sets.
You need a training set to build yoonodel, then a test set to see how well the machine

learning did.

Q: So far, we have found many more carcasses below turbines that are simultaneously being
monitored by vdeo than we have observed being strucklow should we change the way

g SQNB MRafdwha iNfbrmation s S QNBE QB bd abl©td dngwar the key

guestion: What are the conditions when a fatality occurs?

A: You need to expand your detection sysse broader video area, more kinds of detection
systems. One idea1sif it isnot possible to detect visually, can we, say, use seismological data

to detect when a carcass hits the ground? Al gives us the capacity to process a lot of data and to
look ata much larger number of variableso think outside the box.

Q2 KIF G A& ositprcoh AlRTamhdr Allison found they were very receptive to Al in the
IdentiHight technology.

A: We have had conversations wi t hhispaadptive out s
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don’t know what to do wit h ofdatadnarkalrtracksx a mp | e,
what can we do with that? We should be able to determine what species of animal came
through based on those tracks, provided you have a traingtg s
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Predicting Risk to Bats: State of the Science

Moderator: Ryan Zimmerling,
Environment Canada and Climate Changeanadian Wildlife Service

Does Bat Activity Predict Bat Fatality at Wind Energy Facilities?

Presenter: Donald Solick, WesternEco-SystemsTechnology (WEST)Nnc.

Authors: Donald Solickshay HowlinWESTInc)

PROBLEM RESEARCNEED

Bat activity studies using ultrasonic detectors have been a routine component-of pre
construction wildlife surveys at wind energy fab for over a decade. These surveys incur
substantial costs to industry, but it is unknown whether they provide any real value in terms of
identifying risk and minimizing impact to bat populatioithe assumption has been that a
positive, predictive rationship exists between bat activity anddhty, although this has never
been empirically demonstrateddein et al. (2013) examined this relationship, but results were
inconclusive possibly due to a low sample size (12 studies), wide geographicndgesmnong
studies, and variability in the @hods of the studies that were available.

Objectives

Determine whether studies that measured prenstruction bat activity can truly predict pest
construction bat fatality.

APPROACH

We analyzed 44 paired stuwdi completed by WEST, Inc. that measuredqaestruction bat
activity and postonstruction bat fatality.

We examined the activity data in terms of geographic region, ground versus raised detectors,
detector type (Anabat vs SMx), a standardized falfratign period versus other measures of
activity, and whether detectors placed at features attractive to bats are better predictors of
mortality than detectors placed in habitat representative of turbine locatidiaality studies

used standardized carcassrveys, with a subset of turbines searctad- to 14-day search
intervals, including both road & pad and cleared plot searches. Studies included in the analysis
included searcher efficiency and carcass removal trials andigsd or Schoenfeld estimat
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to estimate bat fatalities/MW/year

We paired preconstruction and postonstruction surveys, averaging mgjgar estimates. We
used linear regressions to predict fatalities from bat activity, looking at season, detector height,
and region.

HNDINGS

Bat passes/detectenight ranged from 0.0% 20.14. Bat fatalities/MW/year ranged from O to
20.05.

We plottedgroundlevel activity (x axis) against fatality levels (y axis) during multiple seasons.
These acoustic data do not predict fatality. We triexhing in on a high fatality season (Fall)

but again, bat activity was a poor predictor of fatality levé\& examinedhe results of 20

paired studies where activity was recorded at raised acoustic stations (45 m), but this also did
not prove a good gedictor of fatalities.

We also looked tsee whether activity was a better predictor feach of the USFW8gions of

the country. The Pacific region has the lowest rate of bat fatalities and bat activity. The Pacific
SW results are somewhat confoundey one study which had high activity but |datality.

Again for the most part (except for the Pacific N¥W4t activity does not seem to be a good
predictor of bat fatality, period.

CONCLUSIONSAPPLICATIONS

Bat activity does not predict bat fatalitynot by season, detector height, or regionuitGample
size was approximately four times greater than Hein et al. 2013, with standardized methods
yet the relationship was weaker.

What might explain this weak relationship? It may be that the main spé&iied are not the

main speciesletected. For example, at the Foote Creek Rim Wind Farm, hoary bats made up
88% of fatalities, but only 8% of acoustic detections (Gruver 2002). Hoary bats may not
echolocate 50% of the time, and may be detectable only @Déte time (Corcoran & Weller
2018). Some species may be attracted to turbines, so that activity patterns may change once
turbines are built.

Adding more studies is unlikely to change this relationship between measurezbpstruction
activity and postonstruction fatality rates. Thefore, the wind industry should seek
alternative methods for assessing risk to bats.

This is not to suggest that acoustic surveys havealue. Acoustic survey techniques may be
refined to provide information on timingpgcies identification, and relate abundance of
protected/impacted species. They can be used to study behavior or migratory bats in Canada,
and might help us learn more about Mexican fted@ bats and other molossids throughout
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Central and South AmericAcoustic transects may be helpfusing drones, to look at
abundance of different species at prospective sites.

Questions & Discussion

Q: Given that there is intetannual variation in bat activity, do you think you would come to
different conclusions dpending on the timing of thestudies?

A | don’t know, -dnnualvadagan e eothtbdt activedy anddat fatality.e~or
this we were averaging data across studies, but given that we really found ndthimgpot
sure that variation iiming would change the essgal conclusions.

Q: Not all species are vulnerable to turbine strikes to the same degree; do you think species
specific activity rates might reveal a relationship with fatalities for those species?

A: There is some poteral for that. Not with hoary &ats, which are not that detectable with
acoustic devices, but for Mexican fréal bats, which are more susceptible to random
collisions with turbines, we may be able to find more correlation there.

Q: Could any inconsistemes in research methods (sedrenethod, plot radius, etc.) improve
the correlation between bat activity and bat fatalities in future analyses?

A.No. We’' ve been using pretty consistent metho
are still not seeing correlation.

Q: While ddection methods may not have changed, did you consider improvements in the
acoustic detection technology, and the influence of microphone sensitivity on your results?

A: Acoustic detectors have improved, and are more likelgettect bats, but they are not

sophisticated enough to pick up the migpalse sounds hoary bats are apparently emitting

much of the time, based on Weller & Corcoran
in the relationship between preonstructon activity and postonstrudion fatalities.

Related question, not asked: As microphones deteriorate with exposure to moisture, volume
sampled declines exponentially. Have you considered taking detector volume vs. detector
night into account as the apmpriate metric?

A: 1 am not avare of research that has demonstrated an exponential decrease in detection
volume with exposure to moisture. | would want to know how quickly that happens. If true, |
assume it would vary greatly across different habitat ty(@eg vs. humid). So it is ho

something we have taken into the account. At the same time, | am not concerned because most
of our studies run from April to October, and nearly all projects record the highest bat activity
during the fall, at the end of theeason. It does not appearahexposure has affected their

ability to record bats. Even if it does, and lsteason microphones are undsampling the bats
actually flying around, this effect would be equal across projects and therefore not an issue for
our studies.
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Q: Based on youresearch, what are the most efficient mitigation measures for reducing risks
to bats?

A: Curtailment seems to be the most effective method so far, but could be smarter to be more
efficient.

Not Askedduring Session

Q:5 2 yb@tiactivityandbatF I G €t AGASEa O2yaAraidSyidte &aLAT1S RdzN
evidence of some correlation?

A: They do! Bat acoustics are very good at telling/hisnto expect highest mortality, and for
most projects this appears to be during tfal migration periodHowever, this is different than
conveying the magnitude of bat fatalities. For example, we may find that Project A has a bat
activity rate of two passes/night during penstruction, and then have a fatality rate of 15
bats/MW/yearduring postconstructon; meanwhile, Project B may have a{a@nstruction bat
activity rate of 20 passes/night and a pasinstruction fatality rate of just five bats/MW/year.
Both projects had their highest activity and fatality during the fall, butrtHationship between
activity and fatality rates was reversed: Project A had less activity but killed more bats, while
Project B had more activity and killed fewer bats. What we found in our work was that there is
not a positive, linear relationship betweeactivity levels anéatality levels.
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Habitat Covariates to Predict Bat Mortality
at lowa Wind Farms

Presenter: Elizabeth Baumgartner, Western EcoSystems Technology (WEST), Inc.

[slide presentatioh

Authors: Elizabeth Baumgartner, Jared Studyvin, Jeff Fruhwirth, Jason Mitchell, and Melissa
Welsch WEST, Ing.

PROBLEM RESEARONEED

Inthe course of conducting posonstruction monitoring for MidAmei can Ener gy’ s f |
wind facilities in lowa since 2015,B8TInc. investigated the relationship between the location

of bat fatalities and the proximity and abundance of bat habitat feaguo potentially predict

areas of higher risk of impact to lsatAnecdotal observations from technicians suggested a

potential relationship; understanding this relationship could improve take predictions and

improve the accuracy and efficiency of Incite@make Permit compliance monitoring, and

could provide data tanform siting as risk management of future wind project development.

Research conducted to date suggests some spatial patterns in bat fatality or activity associated
with wind facilities: Thmpson et al. suggested bat fatalities had an inverse relatipnstih

distance to grassland cover, possibly indicating higher mortality in forested landscapes. Barre et
al. and Millon et al. suggest that bats may avoid turbines when compared with nieabiitat,

while Cryan’s 2014 wor k tosurbiges.@Osrturderdtaading of whaty b e
environmental factors may increase bat mortality at wind farms continues to be incomplete,
despite concerted efforts by leading experts.

Objectives
Theobjective of our analysis was to evaluate whether the habitat@inding turbines and/or
facilities is related to bat fatalities. Through this research, we hope to:

1. predict turbines or areas within a facility with higher risk of impact to bats;
2. inform future turbine siting decisions to reduce rigigd

3. focus managenm decisions on turbines with highest riskor example, increasing cut
in speed for turbines near roosting habitat.

APPROACH

We compiled habitat information in and surrounding 21 of MidAmeran Ener gy’ s Wi n¢
facilities in lowa, relating habitaypesto either turbine or facility-level bat fatalities found

during surveys conducted between 2015 and 2017. Fatality surveys were completed using a
combination of roaeand-pad and clearedIpt surveys (slide #5 summarizes survey methods).
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We compiledhabitat polygons surrounding turbines in lowa and related presence of habitat
types to bat fatalities in a generalized linear model. Habitat variables were measured on buffers
(e.g., 100 or 20 meter) surrounding turbines, as well as summarized overtjapiiygons.
Covariates measured on these polygons included, but were not limited to, percentage of each
crop type, distance to river, distance to certain crop types, and distance to nesgest After
compiling covariates, we fit a generalized lineardmlorelating the estimated annual number of
fatalities observed to habitat variables.

HNDINGS

Species composition of fatalities was as expected. In total, 3,900 bat carcasses were imcluded i
our analysis; just over Bowere Eastern red bat and hoary l&ing-distance migratory bat
species).

We used a generalized linear model to fit a line to our data, selecting Negative Binomial
Distribution as the best fit. Marginal effects plots (s#d&1317) illustrate the relationships
between our data and théllowing covariates.

1 Distance to Water Flow For every 1 km increase, fatalities decreased, on average, by
approximately %a

1 Distance to Open Water For every 1 km increase, fatalities increased on average, by
8.8% This may be an artifact relationshgiyen that turbines are typically built filver
away from open water, or it may be that this covariate is less ingpaih irrigated
fields, where water availability is higher than, sayamarid or senmvarid landscape.

1 Distance to Large Forest Patet-or every 1 km increase, fatalities decreased, on
average, by approximatel 8 Thi s i s as we would expect
typical habitat preferences.

1 Proportion of Grains/Hay/Seed For every 1@increase in coverage, fatalities
increagd, on average, by P2 We are uncertain if there is a biological significance to
this relationship perhaps this relationship indicates increased prey abundance. This
suggestion is purely speculation; the data collected were not intended to address
causaity. Additional data are needed to further elucidate the potential connection.

1 Monitoring Year—For every one year additional duration, fatalities decreased, on
average, by 1% There is not enough data here to support a long term trend. (In
addition, nd all turbines/facilities were monitored in every year.)

To summarize, we found a positive relationship between fatalities and distance from the
turbine to open water and the proportion of grains/hay/seed cover, and negative relationships
between distancéo water flow, distance to large forest patch, and monitoring year.

We have begun modeling at larger radial extents, and while some patterns are indicated, our
model breaks down as we increase radial distance from the turbine and increase the number of
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turbines in each sample unit (thereby decreasing our sample size). At the facility scale, we have
too much variability to develop a predictive model. There are fewer covariates in the top model
as our buffer size increases, but the results we have do stiggeential relationships:

1 500-m Radial Extent:
o Distance to Hay/Grain/Seesfatality counts decrease as distance increases
o Distance to Water Flowfatality counts decrease as distance increases

1 1000 and 2004n Radial Extent:
o Distance to Water Flowfatality counts decrease as distance increases

CONCLUSIONSAPPLICATIONS

On the micrescale, we see several relationships that are interesting, in particular: distance to
water flow; distance to large forest patches; and monitoring year. On the rreuae, we see a
negative relationship with distance to water flow. There is, tteenonsistent negative
relationship between bat fatalities at turbines and distance to flowing water.

We have several options to decrease the variability, and are continbewydrk to fit
predictive models.

1 Refine our covariateg Split up water flow by size: do streams matter, or maybe just
larger rivers? Somewhere in between? Define a minimum patch size for the grassland/
hay pasture. Test for attraction at facilitiesvhat activity levels do we see at wind
projects relative tdhe surrounding landscape?

1 Increase Carcass DataseAdd more facilities in similar environments. Add more years
of study to the existing dataset.

1 Increase Radial ExtergMake the facility level bdiér larger, more relevant to flying
species. Doing soawy bring to light important relationships. This would require
additional facilities in a similar (Midwestern) landscape, and would shift the objectives
from management at existing facilities (miesing, spatial curtailment) to Tier 1
analyses (facilitgiting).

1 Examine by SpeciesDo all bat fatality models fit the same patterns as target species,
such as Indiana bat, Northern loegred bat, or little brown bat? This is something we
plan explore.

In conclusion, we are making headway in understandihgt factors might increase risk of bat
mortality at wind farms, but we neeghore data to enable to picture to come into focus.

Questions & Discussion

Q: The magnitude of influence of monitoring yearas much larger than those associated
with habitat variables. Why do you think that fatality rates typically decline over time?

A: It s an interesting question. We try not
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given that the specific tuibes and facilities surveyed in each year varied.

Q: Why did you choose a buffer of 500 m?

A: We looked at 100m, 500m, 1km, and 2km. Showed stepwise progression out for
compactness of presentation.

Q: Did you consider the operational status of project et evaluating the observed decrease
in bat fatality year over year? Namely, was gross generation/run time/maintenance down
time normalized for each year? Was curtailment applied? These factors can vary year over
year.

A: Facilities were operating consistgnthroughout the study period. We did not consider
downtime, but if there were to have been a turbine that was out of operation for a long period
of time it would have been excluded. (This was not the case.)

Not Asked during Session

Q: Year was the mosimportant variable. What explains annual decreases?

A:While it is, of course, of interest to the windldlife community, the study design was not
intended to answer this question. The relationship between habitat, time, and the location
where bat carcases are found is undeniably complex, and we are inrfancy of exploring
these relationships.

Q: Were surrogate (norbat) carcasses used for searcher efficiency trials? If so, do you think
this affected efficiency rates?

A: We used bat carcasses foasgher efficiency once bats were obtainébllection of bat
carcasses occurred immediately and continued through the duration of the study.

Comment: Suggest further model testing by examining whether predictiveness increases

gKSY O2yaiRSNRyIE yiSNd & AcaKil€o AAULDS @ scllétkat mafctieg > 02y &
known daily mobility per species.

Response: The comment is appreciated, thank you.

Q: Habitat alone may not be magic bullet, but have you considered looking at habitat in
coordination withweather variablesg e.g., the prevalence dfigh-risk warm, calm nights
among sites?

A: This work is ongoing, but outside of scope of this presentation.
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Landscape Features Associated with Hoary Bat Fatalities
at Wind Energy Facilities

Presenter: Erin Baerwald, University of Regina

Author: Erin Baerwaldniversity of Regina

PROBLEM RESEARCNEED

Currently, fatalities at wind energy facilities are one of the greatest known sources of mortality
for migratory bats. Between 840,000 and 1.7 milliotslzae estimated to have beekilled by

wind turbines in the US and Canada from 2@001, and several hundred thousafadalities

are estimated to occuannually. Of these fatalities, approximately 72% are of three species of
migratory treeroosting batshoary bats, eastern red batspd silverhaired bats. Recent

analyses suggest that fatalities at wind energy facilities are negatively affecting populations of
hoary bat, which are thought to make up ab@&#% of wind energyelated bat fatalities.

Turbires take breeding individuals oaf the population, which matters because bats are long
lived, lowreproduction species. Hoary bats come from large catchment areas, so fatalities at a
given facility could have continental consequences.

To reduce the impas of wind energy on bat populians, developers and operators can locate
projects in “low fatality risk” areas, but
tree-roosting species of bat is not welhderstood. Intuitively, highisk areas aravithin spaces

that provide highguality habitat for bats (i.e., places with lots of trees and water) and/or
concentrate migrating bats (e.g. riparian corridors or ridgelines), but these spaces are Rot well
defined.

Within regions, there is variability fatality rates. In theMidwestern DeciduousAgricultural
Region, for example, a survey of 24 studies at 14 sites produced an average fatality r@te of 7
fatalities/MW/year, but mortality ranged from 0.76 to 31.1 fatalities/MW/year. Candidate
factors tha may influence fatalityates include abundance, turbine height, site design, and
location (topography, etc.). These studies do not show a consistent relationship between
fatality rates and topography or habitat features, but they did not look at spespesific
responses, anthayhave looked atoo small aspatialscale for such faranging animals.

Objectives
Theobjectiveof this project was to model landscape variables relevant to hoary Gats.
hypothesiswvasthat fatality rates are influenced byppography andabitat. We predictd that:

1 shorelines and ridgelines would concentrate fatalities because of abungdance
9 bat migration routes may align with some of the known bird migratory paths;
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i fatalities would be greater at sites within a matrix of higinality habita (i.e. lots of
trees and water); and that

1 habitat within a site influences fatality rates less tHandscape attributesround the
site.

APPROACH

The wind energy facilities in Ontario make up 76% of the wind proje@saimada’ s Wi nd E
Bird & Bat Mnitoring DatabaseHoary bats make up 30.8% of bat fatalities in Ontario. We

looked at 131 studies from 5&ind projectsin southern Ontario, excludingrojectsthat

curtailed operations during the period (20@®16).Studies per site rangeidom 1 to 6 years,

with fatality rates ranging from 0.0 to 14.02 bats/turbine/year. The average adjusted fatality

rate for hoary bats was 3.31 bats/turbine/year (£ 3.06 S@)af estimatedtotal of 8,530 hoary

bat fatalities per year.

We analyzed theata from these studies using adjusted fatalities/turbine/year as our response
variable (Huso 2011). Wesed bootstrap forest partitioning to screen 25 predictor variables
basedon their predicted effect size, reducing the list to seven variables and seteractions.
We then removed nossignificant interactions via backward stepwise selectidre final model
used:

Year

Proportion of roads and urban areas within 1km

Proportion of trees within 1km, 5km, 25km

Proportion of water within 25km

Proportion of copland within 25km

Water within 25km X Trees within 25km

= =4 -8 4 -8 4

Southern Ontario has a lot of trees, water, and cropland. Tivgypercent of the population
of Canaddives there so there iighroad density.

FINDINGS

Results ofhe generalized linear maal were as follows:
A Year = negative relationship € 0.001)
A Proportion of cropland within 25 km = positive relationstis=(0.001)
A Proportion of water within 25 km megative relationshipR= 0.003)
A Proportion of trees within 25 km = negative relationstP= 0.04)

Our analysis suggests that fatality risk for hoary bats is correlated with habitat features such as
distance to forest and proportion of water and cropth The data also suggest that fatality

rates are correlated more with habitat surroungj a facility (i.e.within a 25 km radius) than

within a facility (i.e.within a 1 km or 5 km radius). This knowledge can be used in siting future
developments.
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Fatdities did not concentrate along shorelines or ridges, nor at areas ofdughty habiat. It
may be that the topography and habitat are not variable enough across this region for
terrain/topography to be an influential factor in fatality rate varialyilit

CONCLUSIONS / APPLICATIONS

The fact thaffatality rates are influenced more by thabitat surrounding the site (within 25
km) than by the habitat within or immediately around the siteé5(km) raises the question of
whetherturbines are more attracte as tree mi mics when there ar

We need to consider these quems on a broader scale, given the great distances bats travel. It
may also be that we need to look at sites closest to where bats are departing or completing
thernight s’ Journeys.

Questions & Discussion

Q: What about the rest of the migratory tree &ts?

A: We have a very robust dataset for hoary bats, so that was a great place to start. It will be
interesting to compare and contrast with other species; we htuplke able to answer these
guestions with the next part of the study.

Q: Could an increase insect abundance in agricultural areas contribute to what you

observed?

A: We actually detect fewer insects in agricultural areas. Also a ldwersity of types of

insects, given limited plant diversity.

Q: Would you expect results to change is yosed a per MW or per RSA basis for your fatality

metric?

A: We modeled both per MW and per turbine, an
Q: One hypahesis for decreasing fatalities with increasing distance from trees could be that,

when trees are limitedn a particular landscape, bats are more likely to be attracted to
turbines. Do these studies address this hypothesis (or could they)?

A: We did noinclude distance to any variable, because | had a single centering point, did not
have level of data to addss that hypothesis.
Q: Based on your research, what are the most efficient mitigation measures for reducing risks

to bats?

A: | don’' . kQawthBhoft meaut i s effective, but not
need to be looking at a broadscale when it comes to siting.
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Risk and Impact Assessment at Offshore Wind Facilities

Moderator: Kate Williams, Biodiversity Researcinstitute

How do Bats Utilize Offshore Areas of Lake Erie?

Presenter: Ashley Matteson, Western EcoSystems Techogy (WEST), Inc.

Authors: Rhett Good, Ashley MattesoMEST, Ing.Ed Verhamme.{mnoTech

PROBLEM RESEARONEED

The development of oishore wind projects has resulted in extensive monitoring of bat
ecology, resulting in a significant amount of imf@tion regarding the timing and levels of bat
activity. However, much less is known about the activity patterns of dfétshore.

Objectives

WESTInc.completed a study of bat activity in Lake Erie for the proposed Icebreaker Wind
Project, located 80 miles from the shoreline near Clevelaiithere are nine bat species with
ranges in the regianncluding listed specidtndiana bat, northern longaredbat) and long
distance migrants (hoary, eastern red, and silvaired bats) The purpose of the matoring

was to assess the level of bat activity and species composition during the spring, summer and
fall seasons at thproposed project location and oén nearby offshore locations.

APPROACH

Each of five stations were equipped with two Song Meterdpéictrum ultrasonic detectors
(SM3 and SM4; Wildlife Acoustics, Inc.) at each stabetectors were turned turn on 30
minutes before sunset and turnedf@0 minutes after sunriskom March 21 through
November 14, 2017

1 Two stations were deployed omtmoTech buoys nine miles offshore, at the proposed
project area: one with two microphone detectors approximately 1 m above the water
level (9mile lower),and an experimental model with two detectors mounted on a pole
approximately 10 m above water levéhfile elevated). (The-fnile elevated station
was deployed in July and collected data for about six weeks, when the pole collapsed.)

1 Another pair of stabns were located two miles offshore at the Cleveland water intake
facil ity r ef e:romeevith twoonicraphonéstddpleyedapprokirhately 3
m above water level (Crib lower), and the other deployed approximately 50 m above
water level (Crib elated).
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1 Afifth station was deployed on a LimnoTech buoy located three miles offshore, with
two microphones deployed approximately 1 m above water leveh(@ lower).

Enclosed in weatherproof casing, ti&M3 and SM4 detectors were modified by LimnoTech
enable them to be powered externally, which allowed units to be deployed for longer periods
of time. Redundant detectors were deployed at each station to increase data collection in the
event that a detector malfunctioned.

Calls were sorted first io low- and highfrequency calls. Species identifications were made
using Kaleidoscope, with some lsaleviewed.

Monitoring will be repeated for two years after project construction to better understand
potential impacts of the project on bats.

HNDINGS

A total of 10,114 bat passes were recorded over the course of 939 successful deigbtsy
including passes recorded by redundant detectors at each recording location. The same bat
could be recorded echitmcating during multiple passes at agivstation; therefore, bat pass
rates do not necessarily represent numbers of individuals at each recdadiagon, but rather,
represent an index of bat activity.

The overall average bat pass rate documented during this effort for all stations cambase

6.8 £ 0.7 bat passes per detector night, with single station averages ranging from 0.8 to 16.2 bat
passes per detector nightBat activity was highest at tl@&ib lower detectors (28.7+4.5 and

20.9£3.5 bat passes per detectoight), and lowest at ta ib elevated detectors (2.4+0.5 and
1.0+0.2 bat passes per detectnight). Comparable levels of bat adty were recorded at the
nine-mile elevated, ninenile lower, and threemile lower stations, falling within the

bootstrapped standard error of medrat passes per detectaright.

Bat activity was lowest in sprinBeak bat activity was recorded duringettate summer/early
fall period (roughly midluly through early October), consistent with a wiglcumented pattern
at terrestrial sites. We wereusprised to see more activity over the summer months than for
the fall, but a mordine-grained analysis ofrhingshows there was a drop off from miugust
to mid-September followed by a sharp peak in activity during the third week of September
(probablyassociated with migration), followed by a sharp drop off for the remainder of the
study period (negligibleaivity mid-October to midNovember). The higher than expected
levels of activity over the summer may have been associated with a Mayfly-bataong the
Lake Erie shore; bats may have been foraging during that time.

Four common and widespread bat spes (Eastern red, hoary, silMeaired, and big brown)
accounted for the vast majority (<99.9%) of identified calls danted during this

effort. Species composition varied seasondllgne of the calls recorded during this effort was
classified as poteially belonging to a federally listed speci@free longdistance migratory
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species accounted for 80% of all bat activity:
1 Eastern red bats405% of all bat passes recorded across all stations
1 Hoary bats 24.3% of all bat passes recorded acrosstations
1 Silverhaired bats 15.3% of all bat passes recorded across all stations

CONCLUSIONSAPPLICATIONS

It is difficult to compare results fro this site to other sites because SM3 and SM4 units have
more sensitive microphones than do Anabat unitsl @acord more bat passes than do Anabat
units under conditions of identical bat activitfherefore, bat pass rates collected with SM3
and SM4 detetors cannot be directly compared with data collected atstiore projects that
used Anabat detectors to asss if rates of activity were low or high relative to other projects.

Questions & Discussion

Q: Are there lights on the ib? If so, couldhey be attracting insects and in turn bats?

A: TheQib does have lights turned on during a period, may have beason for higher
activity.

Q: Was there any difference in species composition relative to distance from shore?

A: We saw a similar composition of species at different distances.

Q: Was there evidence of foraging offshore (e.g. feeding buzzes)? Ifidoyal see a decrease
in feeding activity further from shore?

A: We did not look at foraging activity as a pdrttee study. However, it would be possible to
go back and look at the full spectrum sound files to determine the number of feeding buzzes
recorded.
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Potential Interaction Analysis of Offshore Wind Energy Areas and
Breeding Avian Species on the US Atlantic Coast

Presenter: Jeri Wisman, Bureau of Ocean Energy Management

Authors: Jeri WismanBRureau of Ocean Managemgn&ara Maxwelldld Dominion Universily

PROBLEM RESEARONEED

Given increasing US interest in developing wind energy sites in offshore waters, efforts are
underway to evaluate the threat to seabird populations with the potential risk of interacting
with wind energy develoment lease areas in the miétlantic. Previos efforts by the Bureau

of Ocean Management (BOEM) and the National Oceanic and Atmospheric Administration
(NOAA) have predicted avian density usinged survey data, and have done a good job of
identifying bw to moderate risk area8ut theseassessments are missing information about
overlap of breeding areas and wind energy lease areas.

Objectives

We seek to complement earlier survbgsed avian density predictions by focusing specifically
on birds duringhe critical andenergetically demanding breeding stage of their life history. The
specific objectives of this project were as follows.

1. Analyze overlap of breeding colonies for six seabird species and wind energy lease areas
in the mid-Atlantic.

2. Analyze satially-explicitanimal movement and behavior of common terns breeding in
coastal Virginia in relation to offshore wind sites in the US.

APPROACH

We combined colony size and | ocation data vi a
Database on six atsk seabird specgewith breeding ranges in the m#tlantic and foraging

ranges greater than 10 km. Breeding season foraging ranges were determined for each species
—brown pelican, common tern, great blablacked gull, gudilled tern, herring gull, ladgng

gull—through the scientific literature. For each colony, we mapped buffer areas correlated with

the speoees“common” foraging zone and .a | i mit
(No data were available for Rhode Island, Maryland and Delayare

We integratedpopulation size, vulnerability to offshore wind, and foraging areas, and overlaid
this model onto current BOEM lease areassigning each species a vulnerability score based
on a 2013 report (Wilmott et al. 2013, BOEM) which gave a valdéferent caegories of risk

for each speciedndividual species vulnerability scores were combined with colony and
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population sizes to produce colony vulnerability scores.

To address the issue of overestimated foraging areas, we collected GP&nlalzdt on
commonterns Sterna hirundpat a colony on the Eastern Shore of Virginia during their 2017
and 2018 nesting seasons. We collected 8,400 data points, and used these data to analyze
spatiallyexplicit movement and behavior of common terns breggin coastal Viginia in

relation to offshore wind sites in the US. Of the several spatial use analyses considered, we
discuss:

1. Residence time analysis
2. Kernel utilization distribution

HNDINGS

Laughing gulls ranged the furthest (45 km), but the commoading range foall species was
about 10 km from their breeding areas.

In a 2013 survey of colony sizes, a total of 62,000 breeding pairs were observed, with the
greatest density found off the miblew Jersey coast. Laughing gulls made up 81.3% of this
a ea’ s p Gratblakiledgull ranked most vulnerable.

Species and colony vulnerability scores were used to calculate-spelties vulnerability, which

in turn was used to map areas of highedicted vulnerability in several areas along the-mi

Atlantic. Thesénclude the northern and southern ends of the Eastern Shore of Virginia,
southern to midareas of the New Jersey coastline, and western Long Island, New York. Out of
the total study area, 31.73% of the highedicted vulnerable areas ovapped with curratly

leased areas for offshore wind energy development. If these areas are completely developed, a
combination of highly vulnerable seabird species, common foraging areas, and/or larger
populations could be at risk of impacts from offsharied.

We also compared our mulgipecies vulnerability model to the predicted density models
produced by NOAA. We found that these models could be used together as tools to identify
areas with both high predicted density as well as high vulnerabilithegsovelapped 38.54%

in our study area.

For the GPS tracking, we applied-em buffer around the tagging site to remove location

points at the nest or small foraging trips around the island because we were more interested in
other habitat usage. Wesed kerné utilization distribution (KUD) to show where birds spent
more time at rest vs. where birds spent time foraging at greater distances from the nest.

A key finding of théracking data is that breeding common terns most often utilized an area
(7.25 sq. kmyoughly half the size of the suggested foraging range found in the literature, and
that some traditional risknodels may be overestimating the potential impacts of offshore wind
development on seabird©ther key points:
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1 Nearby north and south lsnds aramportant to this colony.

T We found no overlap between this breeding
lease areas.

Tracking is critical; it shows that there is less impact than previously thouglitelhe
breeding colony survey§&PSrackingbegins to give us some of the directionality that can then
be applied to the multspecies vulnerability study.

CONCLUSIONSAPPLICATIONS

The differences between our mulipecies vulnerability (MSV) model and the NOAA predicted
density model sggests tlat simply relying on predicted density as a metric for determining
impacts may miss areas that are critical for breeding b8V shows more variation in
vulnerability along the coast. Areas of overlap (38.54%) between the two models indi¢ate bo
high predicted density AND high vulnerabilithe MSV model also yields a conservative take
on foraging ranges and could be overestimating common foraging areas, thus overestimating
vulnerability.

The MSV model allows us to see finer scale of vubik#sathan in previous studies, and

demonstrates the importance of considering specific species during breeding. Common
foraging areas may have |l ess risk than the *“u
overlap proposed wind project sites. Videlieve his is an important management tool as it fills

gap in knowledge about risk to breeding seabirds. The MSV model is fairly simple and can be
used to assess other species’ ri sk provided vy

Future Directions:

1 2018 was anotér trackng year; we will add this data to the MSV model when collected,
and will be able to add data for Maryland and Delaware also.

1 We will be tagging more common terns as well as black skimmers; we hope to collect
migration data from these birds

1 We ’ Un kb simliar spatial analysis withour208019 data once it’s col
also using data from Virginia Tech for another colony.

1 We want to investigate influences of weather and also look at nocturnal vs. diurnal
travel patterns, and whether thesmight affect their interactions with offshore wind.

Questions & Discussion

Q: Have you tried to run the (KUD) model of kernel analysis only on fegidence time
points? Would that make a difference?

A We have not tri ed twoddmakes diffelericenbuntiatisas ur e wh
good suggestion.
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A: Conclusions from characteristics of foraging behaviors, e.g., common terns range up to 20
km, but more commonly found with 10 km. We found information in the literaturé/e are
doing an updated literature search to make sure our information is up to date.

The Fate of Displaced Birds

Presenter: Jared Wilson, Marine Scotland (Scottish Government)
Authors: Kate SearleDeena MobbsGentre for Ecology and Hydrolpggdam Butler

(Biomathematics and Statistics ScotlynBob Furness, Mark TrindéidcArthur Green LtJl.
Jared WilsonNlarine Scotlanyl Francis DauntGentre for Ecology and Hydrolggy

PROBLEM RESEARONEED

Offshore renewable developments (ORDs) may result in collision mortality to seabirds, which
has obvious demographic impacts. ORDs may also affect seabirds by displacement to less
favorable habitats or via barrier effects to the movemenbutls. Thesean take place at any
season or life stage, but are thought to be most impactful during breeding season. These
potential effects have been identified as a key ecological constraint for offshore wind farm
development in Europe. Scotland in paular has darge number of breeding seabirds and
breeding colonies. Our understanding of how displacement effects may impact individuals and
populations is limited.

A simple approach to the quantification of displacement/barrier effects useatax approach.
Given the estimated number of seabirds in the windfarm area, the matrix allows us to
determine displacement mortality based on what we believe will be (a) the percentage of birds
displaced, and (b) the percentage of displaced birds thkiha. While some epirical data on
displacement rates are available for some seabird species, data are lacking on mortality level:
that is, the percentage of displaced birds that die. Whilst simple to use, the matrix approach
makes a number of assumptien

Objectives

We deeloped a simulation model to estimate the time/energy budgets of breeding seabirds
during the chickeearing period, and translated these into projections of adult annual survival
and productivity.
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APPROACH

A tool (SeabORDvas produced to estimate the da® individual seabirds, in terms of changes
in adult survival and productivity, of displacement and barrier effects resulting from ORDs.
Inputs includedsPS tracking data or density decay functions on bird locationsdliatribution
without the wind farmfor the following speciesiorthern gannet, blaclkegged kittiwake,
Atlantic puffin, common guillemot (Murre), and razorbill.

The model simulates foraging decisions of individual seabirds under the assumption that they
are acting in accordance with optahforaging theory. In the model, foraging behavior of
individual seabirds is driven by prey availability, travel costs, provisioning requirements for
offspring, and behavior of conspecifit¥e start by outlininghe locaion of the proposed wind
farm and consideringoossible responses 6. We then modekffects on body mass with and
without the windfarm. Theseeffectsin turn are used in a decision tree to determine adult or
chick mortality, also behavior and impact dmick mortality if the foragingadult spends less

time at the nest.

The model estimates productivity and adult survival, the latter resulting from estimates of adult
mass at the end of the breeding season, which affects-aietering survival probabift The

model is run for théno wind farni’ scenario andtuned’ using longterm data collected at the

Isle of May in eastern Scotland. Only once the model has been validated against these data is
the model run for the windarm scenarios.

HNDINGS

Qutputsincludetime spent flying and fimging body mass for adults and chicks, and the
number of flights to and from the nest and foraging grounds. Outputs from the model can be
used to estimate the population level change in adult mortality and breeding ssicttecan

also estimate the chamgto demographic rates of those individuals that interact with the wind
farm (of relevance to the matrix approach).

The estimated effects on demographic rates can then be used to in Population Viability Analysis
to compake population change between windrim and no wind farm scenarios to assess the
population level consequences of the wind farm.

CONCLUSIONSAPPLICATIONS

SeaBORB, to our knowledge, the first analytical tool for estimating the consequences of
barrier and displacement effects upon degraphic rates of seabirds. The tool was developed

for common guillemot, razorbill, Atlantic puffin, and bldelgged kittiwake dung the chick

rearing period, but it can readily be adapted to estimate these effects on any seabird species in
any part of he UK during chiekearing— or other periods of the annual cyclaf empirical data

are available.
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Right now we are limited enmipcal data; this study has helped highlight data gaps. While there

are no operational wind farms near breeding coloniesoét seabi rds we’  re stud
projects are in planning stages or under construction, providing the opportunity to gathes thes

data. We will continue to monitor to increase our understanding of displacement impacts.

Questions & Discussion

Q: Couldyou specify the key knowledge gaps currently constraining the effectiveness of the
SeabORD tool?

A: One key evidence gap is the relationship between body mass and adult survival. There are
limited data available, though a project has just started thdl be analyzing existing
monitoring data that will increase the empirical information available.

Not Asked duringsession

Q: How may model assumption of optimal foraging theory have affected the results?

A: The model reflected as closely as possibkelieraviors and responses to prey availability
observed from londerm seabird studies.

Thermal Stereo-vision Technology for Assessing the Effects of Offshore
Wind on Birds and Bats

Presenter: Shari Matzner, Pacific Northwest Energlyaboratory

[slide presentatioh

Authors: Shari Matzner, Ryan Hull, Thomas Waraldjfic Northwest National LaboratQry

PROBLEM RESEARCNEED

Assessing the effects of offshomend on birds and bats is challenging due to limited access to
offshore wind sites.Periodic shigbased and aerial surveys are useful for taking population
census, but longerm, continuous monitoring of the roteswept one is needed to characterize
avadance and collision risk as we develop actual projects.

To make continuous observatiorsncluding in low visibility conditionsover extended
periods of time at an offshore locatiorquires technology that carecord bird and bat activity
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both night and day, and in low visibility conditions. Data processing must be automated to

generate results in a timely, cesffective mannerin previous work, we developed a method

for generating a twalimensional image ofananma |l s moti on amsdi ng t her m:
combining a sequence of video frames into a single composite image that shows a complete

flight trajectory (slide #4)This approach reduces the volume of data significantly and generates
passage rate data in near re@he.

Objectives

We sought to émonstrate that the composite motion track images from a stereo pair of
thermal cameras could be used directly to generate thd@aensional tracksA new, efficient
system for obtaining threglimensional flightrajectories using thermal stereo video
ThermalTracker2operates in reatime and significantly reduces the volume of data from the
raw stereo video stream while providing essential data on flight patterns in the-sstept
zone. Our objective was toalidate that the ThermalTracker2 video damused to monitor
effects of offshore wind on birds and bats and give us moresgigzific, continuous, and timely
data.

APPROACH

How it works

We used open source processing software to develop an offline ttoeh applied that
processing software farse in reakime analysis.

Thermal video, like any video, is a sequence otdwoensional images. Slide #7 shows a
composite image using 300 frames of video to create a flight track. Blgtmips of connectg
pixels- are connected to create a traci;dot at the end of the track indicates direction of

travel. Thermal imagery is easy to use for tracking, but produces a low resolution image;
indistinct shape and lack of color information makes it difficuitdentify species. However,
thermal stereo weo does provide information that can be extracted and processed to identify
species, information such as the size of the animal, the shape of the flight trajectory and wing
beat frequency.

The software also dputs a csv file with time, direction of tval, and other characteristics of

flight path, such as sinuosity. By adding a second camera for stereo vision, the system can
generate 3dimensional tracks. This means we can tell where exactly in space théwage
moving—whether the target was in theotor-swept zone, its flight heightand something

about flight behavior. Slide #8 diagrams stereo processing. It includes a calibration step, which
calculates the parameters needed to do point triangulatioBhspace, and a steragoatching

step, whichdetermines the relative positions of objects in the images from the two cameras. In
slide #9, a red dot is the point used to locate the same object in the two images. Both of these
critical steps (calibration @hstereematching) are more challenging withermal video.

System validation
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We put together a prototype system, using-tifie-shelf equipment (slide #11). The most
expensive piece was a higimd scientific thermal cameratwo Flir A655sc thermal camesa

with field of view of 15 degrees horizottand 11 degrees vertical, and 640 x 480 resolution.
Other components of the system (laptop, external hard drive) were fairly inexpensive. In a first
test of t h-emeopemtior we left it ureniad nattended for a couple of 2hour
periods. Tie software was able to keep up with livestream thermal video from a single camera.

We then added a second cameifide wider apart the cameras are spaced, the better you can
estimate the distance of an objectoHve v e r , t h-@fineolved, bacaustheawter

the spacing, the more unwieldy and more difficult it is to keep the cameras in fixed relationship
to each other. We settled on arh distance between cameras, which should keep the distance
measuremehaccurate to withirabout 10 mfor objectsthat are up to 100 nadistant

To validate the accuracy of the stereo processing, controlled target tests were conducted at the
Pacific Northwest National Laborat oorthe s Mar i n
first controlled target test, an elégc heating element approximately 8 in. x 8 in. was mounted

on a pole carried by a persolm a second controlled target test, a pair of-aativated hand

warmers was suspended from a line and pulled alongughothe field of view to simulate a

small brd or bat in flight. The hand warmers were first fixed to a line about 30 m from camera
(shortrange) and again in a losrgnge test with the line 680 m from the camera. A grid

pattern was used to calibrate theameras.

As a further test of the prototye, Biodiversity Research Institute (BRI) used the prototype

system to record thermal stereo video of wild birds (multiple species of gulls, terns, cormorants

and shore birds) near Portland, Mailreo mpar i ng system tracking res
feld observations. The expert observers’ not es
and estimated distance from the camera, with observations spanning distances from 20 to 100
meters.

HNDINGS

Slide #15 shows the thermal flight track images from ezdhe two cameras. For the shert
range test we first manually matched the points from each image to calculate the distance of
the objects from the cameras, and then used that as the standardfoparing the automated
calibration processing. For the Igiistance test (slide #16, top table) the results were fairly
mixed. Most of the results were within 10 m of the measured distances, but there was a lot of
variation, and we concluded that the daiation process did not provide a very accurate set of
parameters to do that triangulation. Results of the shahge test, which effectively takes the
calibration step out of the equation, were within centimeters of the manually matched points;
this valdated that the automated sterematching worked as expedadle

Slide #18 shows that the system tracking results on the wild bird data corresponded well with
observers’ field notes. The results of the wi
greaterthan 90% on a selected set of the videos, and very fése faositives.
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GONCLUSIONSAPPLICATIONS

We have determined that we can use the flight path to extract wingbeat frequency and use
stereo processing to estimate additional parameters (body lengtihgspan, flight speed, flight
height) that will enable sito build species identification algorithms.

Next steps are to improve species classification capability and to produce a more rugged

instrument package with a much smaller, less expensive cathatave can test in more

challenging locations. In spri§19, we will test a more rugged, lightweight, compact version

of this system at a working wind turbine at t
National Wind Technology Center. This testinlj allow us to experiment with camera

positioning at an perating wind turbine, using drones as controlled targets, and will also allow

us to evaluate the system during extended operations in various weather conditions.

Thermal stereo vision is a pra@ldechnology for monitoring offshore wind energy sites,
capable of providing:

continuous observations

flight height

avoidance behavior

taxonomic identification

timely information

low cost/complexity

= =4 4 4 -8 4

Questions & Discussion

Q: What is the range andield of view of the camera system? Why would you not useagl
(Are there advantages to using thermal camera over radar?)

A: Detection range depends on the camera and size of the bird. If the bird occupies aixeast

pixels we can detect it. For very small bird, the current camera can detect it at 200 m. For the
newer small er camera, whi c1b0rh &kadarwdvaetsaamwiddri el d o
area, but it’s harder to identify species usi
to use. Thermal imaging can be a good complement to radar.

Qlsittk 322R ARSI G2 32 (42 I OKSI te®Mor@l YSNI} K 52y

A: No; cheaper camera is still a resolution of 640 x 480 is the highest resolution you can get with
a thermal camera. (See slide #24 for comparison of camera specifications.)

QH @S e2dz SaiAYIGSR (4KS 1 KS N fofsmdl birdssaNdb&s? LINER 6 |

A: No, but as stated previously, it depends on camera resolution and size of the bird. We did do
some tests with the ThermalTracker software that we developed ilyittle had a test dataset
that contained a total of 184 differénracks. Those tracks were identified by humans looking at
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the video. Software detected 84% of human detected tracks, and detdloted tracks that
humans did not. Tracks that were not deted was due to insufficient contrast because the
bird was too dstant.

Developing an Ecological Risk-Based Management Framework for
Wind Energy Development

Presenter: Alicia Gorton, Pacific Northwest National Laboratory

[slide presentatioh

Authors: Andrea Copping, Alicia GortdRgcific Northwest National LaboratQriglise
DeGeorgeNational Renewable Energy Laborafory

PROBLEM RESEARONEED

Riskbased management (RBM) is broadly defined as a method for identifying, assessing, and
prioritizing risks, so the appropriate level of resources can be applied to minimize, monitor, and
control unwanted outcomes. It is importatd understanding wineildlife interactions

because it takes into account inherent uncertainties in the system.

Existing approaches to risk assessment for wind turbines (bothdasdd and offshore) are
based on traditional risk assessment methods ttedy on a chain of linear causad-effect
analysis which focus on technical risk and reliability analysis and do not address human,
organizational, and environmental factors. Uncertainty due to lack of data can lead to
misconceptions about shotived butpotentially highimpact activiies, like piledriving,and

can result in conservative approaches.g., proceed with extreme caution or not at all. These
challenges may result in a shift of focus and investments away from interactions that place
wildlife at higher levels of risk, potgially resulting in greater losses to wildlife populations
already under stress from climate change and other anthropogenic activities.

Especially in marine and coastal environments, there has been a recent shift towaxder
based management (EBM) more expansive holistic method that includes humans in an
integrated view of managing resources while sustaining ecological integrity. In the US, marine
EBM incorporates integrated ecosystem assessments (IEAS) that seagdahrgets, define
indicators, analyze status, trends, and risk, and evaluate potential future management and
environmental scenarios. Marine EBM and IEAs have been implemented on the US Northeast
Shelf for wind energy development. EBM approaches fui-tzased wind are in the early

stages of implementation internationally; however, the literature suggests integrated risk
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(RBM) or EBM approaches have not been fully developed or implemented in the US for land
based wind.

Objectives

The international codlboration Working Together toegRolve Environmental Effects of Wind
Energy (WREN) has as its primary otiye to facilitate international collaboration and advance
global understanding of potential environmental effects of wind energy. To address the
appaent lack of an integrated EBivamework for wind development (both laAoased and
offshore), WREN proposes a framewthrkt uses the principles and experience gained from
EBM in the marine environmeno:

1. help inform permitting and assist with operatidndecisions under significarguels of
uncertainty;

2. investigate the effects of data quality and access on other types of risk, such as financial
and reputational risk; and

3. ensure that management decisions, monitoring program foci, and mitigation measures
are proportional to the riskitat wind energy farms pose to wildlife and habitats on land
and at sea.

The goal of this approach is to help direct monitoring and evaluation resources toward the
highest risks that need to be addressed to minimize effenta/itdlife and habitats, while
maximizing energy production.

APPROACH

The management framework consists of four parts:
1. Identify risks posed by wind farms for all phases of development
2. Set goals to evaluatdné acceptability of those risks

3. Testthose goals and associated managemetttans through a set of case studies that
represent wind energy development in miplie nations on land and at sea

4. Develop a set of recommendations for implementing-bslsed management for wind
energy development

Arkema et al. 2006 investigated crit@iand related requirements of ecosystem based
management. Here, we adapted their criteria into ecological objectives (slide #20) needed to
meet ecosystem RBM goals and help evaluate the acceptability of the idemisfiesd

To test the framework, we résw three example international case studies chosen from WREN
nations. The two offshore and one latvdsed project cover the range of development phases:
planning, permitting/consenting, installation, operation, manance, repowering, and
decommissioning
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1. Block Island is the first offshore wind farm in North America. Deployed in 2016, it
consists of five seabeshounted 6MW turbines generating to the grid. We looked at
the following phases:

9 Siting and planning: sitein a planned area

1 Habitat protection:horizontal directional drilling through shallow water and
intertidal zone

1 Construction: mitigation for sound of piling at sea and additional vessel traffic
1 Operation: turbines curtailed during fog

2. Moray Firth (UK) wolves three separate offshore developnt areas-Beatrice (84 7
MW turbines under construction, fully operational in 2019); Moray East (950 MW
installed capacity- scheduled to begin construction in 2019); Moray West (under initial
consultation, EIA scldelled to be submitted for 2018). We lbat:

i Siting and planning:raa identified to excludseabird and marine mammal
areas; worst case scenario cumulative impacts at the population level.

1 Mitigation measures: incorporated throudgnvironmental Impact Assessment.

1 Postinstallation monitoringstakeholdergRegional Advisory Groypgreed on
guestionbased monitoring.

3. Jura Mountains, Switzerlare145 wind turbines, spread over 2,000 square km,
producing 22 million kwWh of electricityyear to power 6,000 homes. Studies are
underway to support ensenting and development. We look at:

1 Siting and planning: landscafevel siting criteria for birds and bats, using
vulnerability mapping; populatiofevel cumulative impacts assessment, with
and without mitigation, based on collision risk modeling angydation models.

1 Mitigation: definition of potential addition mitigation measures, based on expert
knowledge and negotiations.

9 Stakeholders: steering committee monitors projects and wildlife impacts during
operations; adaptive management approach to guidgieire monitoring and
mitigation.

HNDINGS

We evaluated different key management actions with ecological objectives in fitiedfocus is
on having a serAjualitative assessment of how well management actions meet different
ecological objectives. It ssvery adaptive process. The matrix in slide #14 gives déngh
overview, showing which ecological objectives were met voffad (more or less) for different
projects at different stages of development for these three projects.

No project will be pdgect across the board, but this gives us a basis for determining which
projects or project phases meet various objectives, weetcertain objectives are more or less
favored than others, etc. These are just three examples, and we are looking to addfyore.
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have any thoughts or know of any projects that we could include, please contact the authors.

GONCLUSIONSAPPLICATIONS

Based on the objectives and goals for RBM for wind energy and an assessment of multiple
development phases from the case stugligve propose six recommendations to support and
facilitate RBM for wind energy development. For both land based and offshark thiese
recommendations are directed at robust assessments of populations and habitats that have
reasonable likelihood of begneffected by development and operation; a hypothdssed
program of postnstallation monitoring of interactions and populati health; and mitigation

for any potential adverse effects.

T

Scienceébased Data CollectiorBaseline and posgnstallation monibring data collection
should be based on questions of scientific importance (such as populatieheffects,
changes in crital habitat for species under stress, etc.), using the same collection
methods to the greatest extent possible for pend postinstallation studies.

Complexity of Ecological InteractionBata collection and analysis must acknowledge
and incorporate comggxities of spatial and temporal changes in populations and
habitats, as well as ecological interactions between predators/preycampetitors.

Mitigation Measures.Mitigation actions (including curtailment, slow starts, seasonal
changes in operations, arathanges in monitoring efforts) must be guided by the
outcome of postinstallation monitoring results and be proportionate tcethisk to
target wildlife populations and habitats.

Integration of Adaptive PrinciplesPostinstallation data should be used t®termine
appropriate outcomes, be able to adjust monitoring (increase effort, decrease effort, or
change effort), as well asupsue mitigation if needed.

Inclusion of Stakeholderdncluding stakeholder is necessary above and beyond what
laws or regulatins require. Stakeholders can help get subsequent projects going, can
provide local knowledge, and even community involvemerfiinancing.

Focus on Social and Economic Outcontieis.important to consider social and
economic risks to local communitiesdaregion as well as to the business and society at
large.

By evaluating the relative risks that define major ecological chgdieof wind farms, this
framework will provide improved risk estimates that will inform and accelerate future wind
farm developnent and provide consistent and accessible methods for data collection and
analysis. We are looking for more case studies tdftag this framework. We will develop
guidelines and finalize a white paper for review by March or April 2019.

Questions & Disgssion

Q: What ecological goals are linked to the “economical”, “technical” and “stakeholder”
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objectives you mentioned?

A: Deinitions of all of these were outlined in a 2006 study that scoured the literdture
definitions of ecosystem based management, producing a list of 17 criteria. We narrowed it
down tocriteriamostly applicable to wind energy, both on and offshore [skae #20].
Definitions came from that 2006 study. For example, the economics objective is dafined

“operational constraints for ecological conse
Scienceb as e d : “ manage me n-based monitoieg withahypathesidasedi e n c e
posti nstall ation monitoring plans.”

Not Askedduring Session

Q: What is the difference between adaptive management and EBM?

A: Adaptive management i s a-mbkingprdcdss. leisan“ | ear ni
iterative process that reduces uncertainty over time by adapting monitoring and mitigation

practices basedn previous outcomes. Ecosystdrased management (EBM) emphasizes the
importance of ecosystems and the interactions/interconnectedness between systems

(ecosytems, air, land, sea) within the decision making process. EBM practices may or may not

be presentwithin adaptive management approaches.
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Assessing Risk to Eagles

Moderator: Taber Allison, American WindWildlife Institute (AWWI)

Computational Fluid Dynamics:
A New Frontier in Eagle Risk Prediction

Presenter: Chris Farmer, DNVAGL

[slide presentatioh

Authors: Chris Farmer, Dnyanesh Digraskar, Jegsicanlee DNV G), Dave Brandes
(LafayetteUniversity, Greg Aldrich§uke Energy Renewabje$om HiesterldentiFlight
Internationa)

PROBLEM RESEARCNEED

Pre-construction measures of avian use have relatively low value as predictors of operational
impacts because simple use measures do ebant for flight behaviors and sispecific

factors that influence behavioWWe examined the relationship of collision risk to terrain at the
Top of the World wind energy facility, where eagle fatalities areelyidistributed, ranging

from zero to threefatalities per turbine since operations began. When we look at a map of
fatalities across the Top of the World wind energy facility, there does not appear to be a
pattern linked to what we traditionally considesk factorsridge lines, slopes, saddles

notches benches, nestdVe have to look more deeply into the relationship between terrain
and flight behavior to understand the pattern of fatalities.

Principles of flight dynamics suggest updrafts derivechfterrain influence collision risk for
soaling raptors within wind farms. Updraft velocities near or below the threshold necessary to
sustain flight cause soaring raptors such as eagles and vultures to engageriskitght
behaviors near the groundhere are two major sources of updrafiermal and orographic.
Orographic updrafts result from deflection by terrain; these tend to be weaker and to weaken
more quickly above the terrain than thermal updrafts. However, at times of year when thermal
energyis insufficient to generate abowhreshol updrafts, orographic lift becomes more
important. (Slide #5 includes a graph of direct normalized solar irradiance, showing that
fatalities at Top of the World peak during seasons with low thermal energy aleaitabking
orographic updrafts more importd.)
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Objectives

Our objective was to determine whether we can objectively predict, based on landscape and
wind flow modelling using computational fluid dynamics, how collision siglkstributed at a
project sie.

APPROACH

Using standard hydrologic modeling techniques, it is possible to predict horizontal wind
velocities given simple inputs such as a proj
previously examined the ability of hydrologic modelingtedict thenumber and duration of

high-risk flights by soaring birds within a wind farm; however, the predictions were limited to

upwind areas around turbines.

Newer, more sophisticated techniques use computational fluid dynamics (CFD) codes to
iteratively solve tle ReynoldsAveraged NavieBtokes (RANS) equations to produce highly
detailed wind flow predictions. Wind flow modeling using CFD has become an important
industry tool for bankable preonstruction energy assessmenBecause€CFD modeling ales

us to exanme all directions around a turbine and assess the vertical as well as the horizontal
components of air flow, it can be used to predict updraft and downdraft distribution at a
proposed or existing wind energy project site.

We used a steadgtate RANS maal, extensively validated for global wind energy assessments,
to predict updraft and downdraft distribution at the Top of the World Wind Farm in Wyoming.

We provide a direct comparison of this landscape risk prediction to results of modeliivgd

from the simplified approach that was previously used at the site, and compare the predictions
to highfrequency flight data containing information on approximately 40,000 eagle flights
recorded by IdentiFlight, a machine vision system deployeddnitor golden eagle flights for
approximately one year at Top of the WorldentiFlight recorded a total of about 36,000 eagle
flights within about a halmile of turbines during that year; we defined higbkk flights as those
within 100 m of turbinesand below 200m elevation.In the absence of eagle fatalities as a
definitive measure of risk, we examine the influence of updraft velocities on flight time near the
turbines.

HNDINGS

The test location is dominated by updraft velocities below the thoésifior golden eaglesie
looked at lift patterns related to wind direction (slide #8) at 12 turbines with-afageath
information for eagle fatalities. A totalf six eagle fatalities at a cluster of three turbines were
associated with SE winds. We aomsisterily seeing downdrafts around these turbines. Could
it be that the interaction between ufraftsand downdrafts increases risk?

|l denti FIight recorded 2,199 flightssr {887.5 mi
criteria (within 200 m ofurbines and below 200 m elevation).
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At the subset of turbines monitored by IdentiFlight, we see persistently low updrafts. The table
on slide #12 shows that wind speeds associated with-rigkhpasses tend to be lower-84m/s)

and that wind directiorassociagd with highrisk passetends to be southerly to soutkesterly.

But when we look at fatalities associated with those same turbines, five of seven fatalities are
associated with N to NW winds, and only two are associated with southerly winds#&8ile

This suggests that prevailing winds may be more predictive of eagle activity than of collision
risk.

Another way to look at this is to try to come up with a quantitative risk index. Slide #14 shows
how use or fatality distribution mapping can benebinedwith updraft distribution to produce

a modetbased index of risk on the landscape. If we split the area ar e turbine into

updraft and dowmlraft portions, we tend to find updrafts on the wpind side and downdrafts

on the downwind side (slide#15). Esting this, the main result was that the mean updraft
velocity on the upwind side of turbines was significantly lower on NW winds than on SW winds.
This could explain why five of seven fatalities were associated with N to NW winds.

The total number ofhightrisk flights increased as NW updraft velocity increased, and the
number of highrisk flights decreased as SW updraft velocity decreased (slide #16). We are not
yet sure what this means. Collisions appear to be associated with uncommon wiratisse
which may explain why preonstruction use assessments are not necessarily predictive.

CONCLUSIONSAPPLICATIONS

Our preliminary results suggest that extraction of updraft velocities as a routine component of
wind resource modeling wilacilitate improved siting and micrsiting of wind energy

infrastructure by allowing developers to identify and avoid areas of high inherent risk to soaring
birds. Furthermore, because wind resource modeling occurs early in the development process,
smallinvestmeris in CFD modeling have the potential to produce large savings in expenditures
on postconstruction avoidance and minimization measures.

We need to know where eagles are on the landscape, or in this case a utilization distribution
based on fataty mappirg, as well as the wind directioti.prevailing winds predict activity but

not risk, the path to risk prediction appears to go through fatality monitoring coupled with high
frequency surveillance monitoring to identify patterns of eagle use orahdscage.

IdentiFlight monitoring is being conducted at other turbines at Top of World, so we are hoping
to get a more detailed map of how risk is distributed across the wind farm as the data
accumulate.

Refining this approach requires:
i additional tesing agaist use and fatality data
1 determination of correct inlet height (one of the CFD inputs)
1 Combined irradiance and wind modelling for siting
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This is a work in progress; we are interested
look at. Slide #8 suggets how a tool like this might be used to identify areas of landscape that

could be risky in terms of micigiting and permitting, and also to help with smart curtailment

during postconstruction operation.

Questions & Discussion

Q: Have youthought abouthow you might incorporate prey distribution into your evaluation
equations?

A: In looking at spatial overlays, prey distribution would be a logical overlay to usegitBut
some caution, because from wh g tistrivwidh changesa e i n g
lot from year to year, and may already be incorporated in eagle use patterns.

Q: Is it reasonable to assume that migrating eagles use or respond to wind uplift conditions in
the same way as resident eagles?

A: It depends on what h e y ' g & that location. At Top of the World, a lothlifds are

hunting and foraging; they ammostly residents, buthere aresome floaters and migrants as

well. In the east, where we see very concentrated eagle migean, we’ r e @asa@i ng t h
a lot d orographic lift during migratiorandwe are not seeing so many fatalities, because birds

are passing through, whereas at Top of the World those birds are spending a lot of time within

the wind farm, among the turbines. Nethireshold updrafs are more 6a problem for foraging

birds because it requires them to use wipgwered flight—during which activity they are

probably less vigilant or aware of a potential obstaclnd because their exposure time is

greater than birds that are justgssing throup.

Not Asked during Session

Q: Can you elaborate on how CFD can be used forgaestruction risk assessment when
fatalities appear to be associated with unusual winds?

A: In a preconstruction context, there are several potential uses fos kind of nedeling.

1. It may be possible to map updraft velocities for a largeaafeinterest using synoptic
wind data; this may prove helpful in identifying avoidance areas dominated by near
threshold updraft velocities.

2. Within a project area, beforaurbines areon the landscape, examining updraft
velocities for common and uncommon wind conditions can be used to identify locations
with persistently low updrafts; | envision this @ssentially a voteounting exercise
using the rationale that locatiathat havedw updrafts the most often are likely the
most dangerous places to put turbines.

3. A CFD updraft model could be used in combination with other data streams such as prey
distribution, nest locations, and flight path maps to develop an understandf how
eagles use the project area, and drivers of that use. This approach will provide a great
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deal of information for predicting future use of the landscape and msiting turbines
to avoid areas of high risk.

4. Postconstruction monitoring is typaily plannedprior to construction, and using a CFD
updraft model as an information input will help target monitoring in large wind farms
where decisions must be made about how to allocate monitoring effort spatially and
temporally.

Assessment of Golden Eagle Mortality from Wind Energy and
Associated Implications for Defining Project Risk

Presenter: Wallace Erickson, Western EcoSystems Technology (WEST), Inc.

Authors: Wallace Erickson, Kristen Nasman, Shay Howlin, and KimberlWB&/f( Ing.

PrROBLEM RESEAGHNEED

The US Fish and Wildlife Service (USFWS) 2016 status report estimated that approximately
40,000 golden eagles reside in the United States in Augustyeachwith approximately

31,000 in the Pacific and Central migratory flyways (USFWS managemnitsrior eagle take
from wind). Currently there are approximately 90,000 MW of wind energy capacity in the
United States, with twehirds of that being generatkin states that make up the Pacific and
Central golden eagle flyways.

There is a fairly rolst data set on golden eagle mortality, based on 386 telemetered birds from
19972013 (USFWS). From these data, the USFWS estimated that approximately 6,080 golde
eagles perish each year, with about half of those attributed to anthropogenic and the rest to
natural causes. Starvation was estimated to be the number one cause, especially for young
birds, followed by poisoning, illegal shooting, and fighting. Cailligsmm various sources

including vehicles, wires/fences, and wind turbines was ranked fourthathand third among
anthropogenic causes. These USFWFS data have been useful, among other things, in helping
guide opportunities for mitigation for eagle motitg. Our research looks more closely at the

wind turbine collision source based on fatalitydy data at wind energy facilities.

The scientific literature lacks defensible published estimates of golden eagle from wind energy
projects. Pagel et al. (26} reported known eagle fatality incidents, but not extrapolated
estimates. Bay et al. (2017)gsented annual total raptor mortality estimates as well as

mortality for individual raptor species. However obtaining valid estimates for both bald and
golden eagles has been a challenge for several reasansluding, but not limited to,

uncertainty inhow representative the studies available were of projects that were not studied,
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and uncertainty in how the use of mostly nogptor trial carcasses in searchefficiency trials
and carcass persistence trials affects mortality estimates, as well asilriakthe field
sampling methods (e.g. plot size).

Objectives

In this paper, we provide results of an eagle mortality assessment to evaluat@piaets of
wind energ on golden eagles across th& land include eagle mortality estimates in eagle
flyway.Our objectives are as follows.

1. Provide an estimate of the perceageof the golden eagle population in the Pacific and
Central Flyways of the Wesh US impacted by wind energy

2. Describe assumptions, limitations, and future improvements to this andasimeta
analyses

Approach

In this metaanalysis, we reviewed publicly available and other maststruction monitoring

studies from the past twdecades that we have been granted permission to use, and extracted
raptor fatality estimates and speciesmposition information for raptors as well as other

relevant data, including study periods, MW of projects, plot size etc. Most studies are designed
for consistency with the lartased wind energy guidelines; for example, typical monitoring
consists of 3%of turbines sampled for a year.

In terms of available monitoring data, the best representation of projects within states comes
from California, Oregon, Washington and Wyoming. There is lower representation in the
Central plains states such as Kansasalidma, and Texaswhich accountgor over half of the
installed wind energy project capacity in the central flyway, but has limited monitoring data
available.

We made adjustments to fatality rates and species composition based on plot size, deriod o
study, species composition for dmdtion differences of eagles compared to small raptors, and
considered further corrections for carcass persistence differences between raptors and non
raptors. Regarding the later correction, based on 12 studies thadwtied concurrent trials

with both large raptors and surrogates such as pheasants and ducks, the large raptors
consistently lasted longer than the surrogates. Most of the studies include surrogate carcasses
to estimate raptor fatality rates, so the biasroection for carcass persistencethose studies is
likely an overestimate. We are considering using a scalar to adjust for this potential bias, but
ultimately decidel to not adjust for that factor, given there are also other factors (e.g. plot size)
that can affect the estimates in oppositlirections.

For this presentation, we did not stratify the data by correlates of eagle abundance or other
factors, but believe that will be necessary to strengthen the validity of the results
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HNDINGS

Golden eaglearcasses were found throughout the year, with slightly higher fatality occurring
in the early spring period. This is similar to the pattern observed by Pagel et al. (2013), but small
sample sizes do not allow for statistical tests of differen

After adjustments, the average overall raptor fatality in the Pacific and Central Flyways was

0.144 raptors per MW per year, with a standard deviation of 0.19. Red tail hawks and kestrels
tend to make up the majority (over %0 of raw raptor specie@djusted fo persistence rates
shorter for smald/l raptors compared to | arger
eagles comprised approximately 2% of the raptor carcass detections.

Based on our analysis we estimated that approximately 0.5%teogoldeneagle population
(31,257 golden eagles) is impacted by wind energy on an annual basis within the Pacific and
Central Flyways.

CONCLUSIONSAPPLICATIONS

Some of the challenges and limitations in this analysis and potential source of bigsefsan
consdering how representative the available studies are of the universe of all projects to which
we are extrapolating. The studies included in this realysis are not a random sample of

wind projects, they are wind projects that had publiclkagable datecollected during a post
construction monitoring study. One way to reduce that bias is to stratify the data into eagle use
and risk categories of higher and lower intensity. Not having that information for the entire
area of the flyways waslamitation. For example, we do not have much data for Central Plains
area; while these are areas with generally lower eagle density, there may be some areas in
there with higher eagle density.

The westerawide eagle survey can serve as a tool for stictfon, andshould reduce bias and
uncertainty in understanding cumulative impacts of wind on golden eagles. Othespsitéfic

data such as the eagle use surveys can further help stratify the data. For example, areas in the
central flyway but outsidéhe eagle surey area are likely lower density areas. That sadal,

need to come up with a surrogate for largeale density stratification. While we have micro

level siting differences for some of these strata, we need to look at the ksoald and to
incorporate unertainty parameters for higthevel analysis.

Going forward, the new GenEst software will help us standardize for this kind ofanalgsis

and make results more comparable. In the past three years we are seeing more studies
designed specifally for eagés and other large raptors as opposed to trying to measure general
bird mortality; this should provide better and more precise information on raptor and eagle
mortality. Using raptas (rather than surrogates) to estimate carcass persistentesraill yied
more representative carcass persistenates for eagles.

This analysis is focused on using data from systematic searches with bias correction and from
quite a few projects studied for short time periods. Eagle carcasses are occasiopaitgade
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incidentally. These data can provide information on presence of eagle finds, but not much
information can be obtained from those data relevant to fatality rates unless quantification of
detection probability is madeThis is a needed area of resdarc

We havea good data set for conducting metanalyses, and these prove useful in
understanding overall current expected impacts of wind on golden eagles. While we need
improvements to better account for potential biases and sources of variation iadtimates,
we can conclude that:

1 Golden eagle mortality due to wind is estimated to be approximately 0.5% of population
estimate per year.

1 Wind energy is responsible for one out of every 20 to 30 hunsarsed golden eagle
fatalities.

Questions & Discussion

Q: Bringing it down to project level, is there other infmation like nest location or prey
availability that could be brought in?

A (Wally): We did not; this was a largeale look. We are planning on looking at eagle use,
which has been serving as the metric fwediction in the Bayesian model, as a stratification
variable. There are several projeet3op of the World is one, Foote Creek Rim is another,
where it may be helpful to look at proje#vel stratification. The Western Golden Eagle Team
product willinclude some nesting and habitat pieces as stratificati@rmables that can help.

A (Chri s): -sYeesc,i fiitc'.s Iprnmojtercyti ng to get away fr
landscape. Animal movements on the landscape are artifacts of histangdigiduals, not

predictive of future animald/Ne reed hstorical information, but to predict we need to get to

something more basic about the landscape than just basing our predictions of use on history.

Q: Do you think you would find similar resultstifiis study was replicated in the Eastern US
flyways?
A:We focused on the two regions with most of the eagles, where we have the most

information. I n addition, our database doesn
Eastern Flyways, see decided to not attempt to quantify an estimate.
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Risk Validation Analysis: USFWS Pacific Southwest Region Example of
Eagle Take Permit Renewal/5-year Review Process Considerations

Presenter: Heather Beeler, US Fish and Wildlife Service

[slide presentatioh

Author: Heather BeelerdS Fish and Wildlife Senjice

PROBLEM RESEARONEED

The Shiloh IV Wind Project 6 AltarhoGtwind rescuece aged 3 0
in Solano County’s Montezuma Hills WRA, was
permit. Golden eagle use, abundance, behavior, and collision riek iMontezuma Hills WRA

and the Shiloh IV project area are well dowented. Issued in July 2014 under the Bald and

Golden Eagle Protection Act, the eagle permit authorized the take of five golden eagles over the
five-year permit term, expiring in July 201Bhe US Fish and Wildlife Service (USFWS) will be
looking at compéance with the conditions of this take permit in considering the permit renewal
request. The process is similar to what would be required under the revised 2016 Eagle Rule (81
FR 91551, Ded6, 2016) for longerm eagle incidental take permits.

Objecties

Discuss the available data and data decision options for this permit renewal, and for other
projects located in the same wind resource area.

APPROACH

The permit renewal process is congad of three steps.
1. Permit compliance risk validaticrwas eagld¢ake within authorized limits?
2. Update risk prediction for next permit term.

3. Compensatory mitigatioamitigation credits or mitigation owed?

Step 1: Postonstruction fatalitymonitoring. The Eagle Permit required searching 100% of
turbines monthly foreagle fatalities over a twgear period. An overlapping bird and bat study
required by the county involved searching 50% of turbines weekly for bird & bat fatalities over
three yeaars, beginning six months before the eagle study period and continuing dbinemsix
months afterward. If we relied only on the bird and bat study, only 44% of the total project area
where eagles might be expected to fall would be searched.

Our evaluaibn used mortality monitoring data from both studies along with Evidence of

NWCC Wind Wildlife Research Meeting Xl Proceedings 65


https://awwi.app.box.com/s/fdgzbxgkvxq9lk5gmw865cplw8qtlh1h/file/412613546653

Absence (EoA) software (Dalthorp et al. 2017) to evaluate whether the number of fatalities had
exceeded the expected thresholdhat is, the permitted take level. While zero eaglesre

found in either study, the probability of detection factor is differéot the two studies, given

their different designs, resulting in different mean mortality estimates. (See slide #11.)

Step 2: Update risk predictiomMext, we reevaluatedur predicted take estimate by updating

the Shiloh IV risk prediction as calceldtusing our eagle Collision Risk Model (CRM) (USFWS

2013) with the EoA outputs, using Program R code script written by J.L. Simonis (DAPPER Stats
2017). The updated CRM used btile pre-construction eagle use data and data from the
project’ sudnyorttoaluiptdyatset t he project’s CRM prior
Step 3: Compensatory mitigation status. Finally, we developed a simple tool to calculate how

many eagleswee compensated for by the project’ s ele
mitigation package, and determined how much mitigation could be credited to the next permit

term.

HNDINGS

Our results validated that take did not exceed the authorized take of &gées over the five

year permit period. Using the two years of eagle studiadand the one year (six months prior
and six months following the twgear eagle study) of bird and bat study data, our EOA analysis
concluded that here is an 80% probability &l the true number of fatalities was less than or
equal to two eagles, well hin the authorized take limits.

Based on the preonstruction eagle use data, the original Shiloh IV Eagle Permit predicted take
of 0.89 eagles/year, or 4.5 (rounded up tcefiveagles over the fivgear permit period. The
updated risk prediction, baskon preconstruction use and postonstruction mortality,

predicts a take of 0.80 eagles/year, or four eagles over five years.

The original eagle take permit required retrofit 133 power poles; facility operator PG&E

actually retrofit 140 power polesiowever, all pole retrofits are not of equal value. Slide #23

shows two basic types of pole retrofits. Those on the left involvieaiming so that wires are

not as close togethetthis is good for 30 years. Those shown on the right involve covering a

portion of the wires with plastic, but this is not as durable a retrofit and is good for only 10

years. New regulations will require not a 1:1 mitigation but 1:2. Nevertheless, tpegphas

46 pole retrofit credits going forward, equivalent to at least @agle.

In total, the Servicavould transfer 4 or moreeaglecr edi t s” of compensator
next permit obtained for Shiloh 1V. Three eagle credits could be grdrdadthe EoA analysis

in Step 1 (Slide 13), and at least one eagle creditisted because the project retrofit more

than the required number of power poles (Slide 22). Therefore, Shiloh 1V is not expected to owe
any compensatory mitigation for the firitve year permit term of a renewal/new long term
incidental eagle take permunder the 2016 Eagle Rule.
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GONCLUSIONSAPPLICATIONS

Given that Shiloh IV was the first project to obtain an eagle take permit under the Bald and

Golden Eagle Protection Act, there has been a great deal of interest in how the USFWS would
use Evidencef Absence. This is an adaptive procéggough this pemit review process is not
definitive for the Service as a whol e, it is
this.

Questions & Discussion

Q2 K G-@BDdzS¢ T2 N 9 A RBwassGme 2ofFnomnanifo®yy8s? R A R

A * G” oveall detectabilgy-carcass persistence, observer efficiency, how much of the

project area was searched. | used 0.000999 G value fonmanitored years. The overall G

value was 0.3 for the analysisat indicated there were only two eagles likely takaver the 5

year permit period. That value was Uigpahat ed to
risk model. We usefl0% rather than 50% because we wanted more confidence, but 50% is

used elsewhes.

Q: Did you combine the eagle with the bird/batwsdy results for the overlapping tweyear
period, or did you consider them separately?

A: We used two years of eagle data, and one year of bird and bat data, includingrbetb
period before and the #nonth period after the yeaand-a-half period for wich we have the
overlapping eagle data. We looked at it a number of ways, but when you have eagle data, it
makes sense to use the eagle data, so we just supplemented that with bird and bat data that
did not overlap with the eagle monitoring study.

Q: Of the searcher efficiency and carcass persistence rates that you used to calculate G
values is there a difference you see using raptors or surrogates for those persistence trials?

A: We have Curry & Ker@ger reports for both the bird & bat and the eagiidies. | used their
summaries but then went back and recalculated the persistence and searcher efficiency rates
using the raw data. They did use raptor carcasses. There was some difference of detgctabilit
based on gass heights during the summer versiker seasons, but | did not dig deep into

that. There was a large sample size of raptor carcasses in the bird and bat study and an
adequate sample size for the eagle study.

Q: Giventhe assumptions you puinto the model, and that zero eagles were obsed, you

320 | GF1S SadAYIGS oAlthenSADENYRF SHYXRESHIOBOS @
say permit conditions had been exceeded?

A Il t’s a good question. Tibdence of AlssentenTherefisno st at t
guidance from theService on this, this is just me in Region 8 working through the process. The
Service has not made a final decision on how to use this. When we think about eagle use

minutes, we still want to keepinmindterannual vari ati on oftosetagl e u
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the permit take level so low that we wind up running into compliance issues if there is an

unusual year. The chart showing “what i f you
done the eag@ study—both of those indicate that there is@ance that your confidence levels
exceed the “eagle per year” threshold in year

both those scenarios was higher than the one where | use the two yearglef sladyand 1
year of bird and bat datarhe tehnically correct way to use Evidence of Absaate use the
two years of eagle monitoring to project what is the chance of eagles taken that you did not
find.

Q: How was the 16year/30-year credit déermined for the power pole retrofitting offset
mitigation?

A: We have a spreadsheet analysis. If an eagle/year taken, how many retrofits required? In
2014 when the permit was issued, only theyiéar retrofits were available in our Resource
Equivalency Aalyss spreadsheet. A ratio @3 shortterm retrofits (plastic covers) are
required per 1 longerm retrofit (reframed pole).

Q: Could repowering of existing facilities be considered as an offset mitigation measure?
What if permit holder wanted to consier additional or alternative measures? Or if &CP
proposed repowering or lead abatement, vehicle collision reduction measure, etc?

A: We have thought about repowering, for example, and carcass removals from roads. We

would be willing to implement thatrad other measures, we just need to be able to gufy the

value in terms of eagle take offset by the mitigation effort. In Califome&arethinking about

land bank mitigationf we’ re | osing breeding habitat at a
muchacquisition offsets would compensate for a téory or young eagles produced annu&lly

NWCC Wind Wildlife Research Meeting Xl Proceedings 68



Improving Estimates of Collision Impacts to Birds and Bats

Moderator: Jenny Taylor, Tetra Tech

Turning Data into Insights: a Summary of Bird and Bat Collisions in the
American Wind Wildlife Information Center

Presenter: Ryan Butryn, American WindWildlife Institute (AWWI)

[slide presentatioh

Authors: Ryan ButryfAWW), Brian Beckag&Jqiversity of Vermont Taber AllisonAWW)

PROBLEM RESEARONEED

Postconstruction fatality monitoring (PCM) studies are the most widely available source of
information about wildlife collision risk at wind energy facilities.tddanalysis of these stlies
can offer insights about collision risk at a regional scale better suited for understanding
populatiortlevel impacts to specieRefining our understanding of variability in collision risk
would support an informed approach fwedicting and mitigatig wildlife risk at wind energy
facilities.

The American Windlvildlife Information Center (AWWIC) program has three main
components.

1. Data storage:wildlife activity and monitoring data; submissions from industry
cooperators; publily available reports

2. AWWHed researchreviewed technical reports (awwi.org/resuitsatalog); peer
reviewed publications; topics solicited from stakeholders

3. Analysis tods: ability for stakeholders to interact with data aggregations; help inform
siting and permitting decisions

Objectives

Currently a large amount of resources go into fatality monitoring and less into risk reduction
and conservati on alfisftoamptoge .unddrdiaading W¥sllisidon rssk sg that
investments into conservatiocan be increased.

APPROACH

The American Wind Wildlife Institute (AWWI) has compiled a databgsesttonstruction
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monitoring PCM) studies and has improved the datpnesentation in regions where publicly
available studies are not as numero@urrertly, the AWWIC database includes 243 PCM
studies from 157 US projects, representing 18 GW, 86@2JS onshore wind energy installed
capacity. AVWI has starteghroducing technical reports summarizing data. This presentation
highlights some interesting thgs we are seeing in the data, and we hope that it will encourage
stakeholders to suggest ideas for future analyses.

HNDINGS

For both birds and bats, collisioisk appears to be concentrated in relatively few species: eight
bat species account accountéal 96%of all recorded bat fatalities; 10 bird species account for
42%of all recorded bird fatalitied-atality estimates take incidents and adjust for area

searched, searcher efficiency, and scavenger removal. Nationally, median take is 1.8 birds and
2.6 bats per MW per year. Fatality timing is very useful information for curtailment and other
minimization efforts. Bat fatalities are concentrated in August Segtember. Passerine

fatalities peak in latspring and again in earhall (side #9); raptofatalities are more evenly
distributed.

Understanding where collision fatalities land is useful for PCM study design, and also for
comparing studies. We looked a subset of 48 studies that had a search radius of 100 m or
more, and found that bat carcass tend to be found closer to the turbine (peaking at2am
from turbine base), than bird carcasses were. There was little difference between small and
largebirds (slide #10) in terms of where their carcasses land.

Slides #1113 illustrate how we canse the AWWIC data to learn more about occurrences for
species. Trcolored bat, for example, makes up %f all bat fatality incidents recorded in the
US, buit comprises 5.200f fatalities in USFWS Region 5 (Northeast andAiiantic states).
Drilling further down within Region 5, we can see that there is substantial variation within eco
regions, with risk heavily concentrated in the Ridge and Valley andaCA&ppalachian eco
regions (slide #13). This kind of understanding can help bring risk sretgspotential

mitigation into sharper focus. This is just one example; we can do the same analysis for other
species of concern.

CONCLUSIONSAPPLICATIONS

We need sufficient regional representation of PCM studies so that conservation priorities can
beinformed. A key question is, how much monitoring effort is needed to understand-wind

wildlife risk? What is our uncertainty, how much more monitoring needed@Wite plot the
relationship between search effort (total number of searches) and the propodi@tl bird

species found in a bird conservation region that are being found in PCM studies, beyond 20,000
searches, there is a diminishing level of returntenms of finding additional species.

Key insights from our review of the AWWIC data:
1 Findingssupport previous nationwide assessments of bird and bat collisions.
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1 Most bird and bat species appear to be at little or no risk of collision at wind energy
facilitiesat current installed capacity.

Some species appear to have higher collision risk thaersth
Distribution of fatality estimates suggests that most sites have low fatality rates.
Birds and bats have different timing patterns and fall distances.

Increased investment in fatality monitoring leads to diminishing returns in finding new
species.

= =4 4 A

There is a lot of variability in the AWWIC data. Next steps in our faesdysis include &
following.

1 Further evaluate AWWIC data to understand factors that underlie the patterns seen in
the data, including possible field trials to refine our understagdf:
0 Variation in detection and carcass persistence
0 Species specific variation in cuttaent effectiveness

1 Develop a Bayesian model to determine the number of studies needed to reliably
estimate bird and bat collision fatalities within a region.

1 Recalciate fatality estimates in AWWIC using the new generalized fatality estimator
(GenEst-released fall 2018).

Questions & Discussion

Q: What do patterns of fatalities for Mexican Fretiled bats look like in terms of timing?

A: There are more into Septdrar, early October timeframe see report:
https://awwi.org/resources/awwiebat-technicatreport/

Q: Why is finding a new species relevant?

A: Rare species or endangered species maypadound no matter how much monitoring you
do.

Ql 2¢g tA1Ste Aa GKS LI GGSNY 6AGK t2¢ NI GSa (2
companies do not want to share studies that show high fatalities.)

A: The companies that are participating aieigg us all their data.

Q: Which 10 species made up the majority of bird carcasses, and are there common factors for
the 10 bird species that are killed the most? For example, are they occurring in high giensit
GKSNBE 1AffSRXE FNB (KS& YAINIydazr 2NXK

A: Hbrned lark—inhabit the habitat around most wind facilities, especially in the prairies. Some
migrants are in the list of top speci€see postefor list of speies.
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Q: Fatality information is valuable, but only one piece of the puzzle. Is there an effort to
collect information on turbine operation or other environmental conditions (e.g., rotor RPM,
wind speed and diretion) along with fatality information?

A: We do not currently have that information, but it would be great to get it. We can adjust the
database to start collecting specific details that would be useful.

Q: For AWWIC and Canadian databases, is thereinnfation available related to collection
methods, calibration info (if applicable), data analysis techniques, quality assurance,
assumptions, et Are data sets linked to associated reports, studies, and pegirewed
literature?

A (Catherine): Alongsidéé¢ raw data, we also get environmental asseent reports and
methodologies. We also calculate results based on the raw data, so that helps with
standardization.

A (Ryan): The AWWIC database has information about each of the studies, including what
approad was used for determining bias, etc.

Q: Any discussion around merging the databases?
A (Ryan): We are aware of each other.

A (Catherine): 1It’s a discussion we’'ve starte
contributors, so would need to resoltkose pieces before anything could be merged, bat w
are talking about this.

Not Asked during Session

Q: What recommendations would you give to a country looking at developing a database
FNRY aON)} 0OKK 62SQ@S KSI NR | |étddompae apgiistoa 0 | Y R |
apples; are there any othekey things that you would recommend?)

A: 1 would recommend collecting as much of the raw data as possible so that estimates can be
recalculated as methods advance. For example the carcass persistatcand searcher
efficiency trials have data that@not often presented in reports, so it would be good to try

and get those data from the authors.

Q: Regarding the percentage of bats found within 50 m of a turbine, is there a correlation
with hub heigh and blade length, or have these factors been teasapart?

A: Most of the turbines are &® so in that reduced dataset of studies that searched beyond
100m, there’s not enough variation in turbines
level ofresolution to the analysis in the future.

Q: DoesAWWI solicit postconstruction monitoring results from developers/industry, or is
there coordination with state agencies to obtain data submitted to them? Is there a way for
states, NGOs or others whtave publicly available reports to submit to AWWI fordlusion in
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the annual reports?

A: Yes, we would be happy to coordinate with states that have public, yet not readily accessible,
data.

The Canadian Wind Energy Bird and Bat Monitoring Database:
Overview, Results, and Opportunities

Presenter: Catherine Jardine, Bird Studies Canada

[slide presentatioh

Author: Catherine JardineB(rd Studies Canagla

PROBLEM RESEARONEED

The Canadian Wind Energy Biradldat Monitoring Database (WEBBMDansinitiative hosted

and maintained by Bird Studies Can#B&C)established in collaboration with the Canadian
Wind Energy Association, Environment Canada and the Ontario Ministry of Natural Resources
and Forestry. igilar to the Americatwind-Wildlife Information Center (AWWIC), this database
has been created to allow for the capture, storage and analysis ofqoositruction bird and

bat mortality monitoring data collected at wind power projects through environmknta

approval processesh€& database aims to facilitate an improved understanding of the impacts
of wind turbines on birds and bats, improve consistency in the assessment of wind turbine
impacts across the country, and inform guidelines and approvals pegess

Objectives

This presentation will provide an overview of the database, available resources, recent analyses
and results, including a forward look at potential initiatives and collaborative opportunities.

APPROACH

Canada’ s WEBBMD warkefirst stap was llevelopingrstan2ld@ydiz&d.templates

for data collection in environmental assessments. From the outset, there was a participation
requirement for projects from Ontario, the pr
wind energy projets. This requirement has been extended to Saskatchewan; participation is
voluntary for other provincesl'he database currently contains data from 91 projects and 213
datasets, and continues to grow annually.

Analyses facilitated by the database havdudedan investigation of the effectiveness of
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curtailment mitigation, an analysis of the impact of landscape level features on bat mortality, a
comparison of multiple estimator equations as well as annual public summary reports.

HNDINGS

Slide #6 compaetheAWWI C and WEBBMD dat abases. Canada’

landscape level features and a patchier geographic distribution. However, WEBBMD does use a
standardized template for monitoring data. There is less voluntary reporting in Canad&IAW
participation is entirely voluntary), but in some jurisdictions the data submission is mandatory,
SO we are getting all the data from those areas. Studies in the WEBBMD average 2.4 years of
monitoring/study, vs. 1.5 years for studies in the AWWIC luizda.

We have published annual database reports since 2012, including regional species composition
and mortality estimates. Slides #B8give an example of species composition breakdown for

birds and bats. Slides #1@ give mortality estimates using difent estimators. We will also

run these through the new GenEst.

CONCLUSIONSAPPLICATIONS

Having a standardized template for data reporting expands and streamlines possibilities for
collaborative and landscape level studies. For example, we evaluatdathfiact of mitigation

on the proportion of bat carcasses observed at turbines throughout 12 wind farms in southern
Ontario as a function of species.

1 The AWWIC and BSC datasets represent valuable large amalgamations of wind wildlife
data.

1 The varying prperties of these datasets make each better suited to answering different
guestions, but the option remains open to synthesize them and ultimately we do hope
to do that

The annual reports provide good general summary information on a broad scale.

The WEBBM datiset can now be leveraged for more targeted and detailed studies
through research partnerships.

Future directions include:
1T Expandi ng o n pibtpiojact (B@elinghaadsadpe variables relevant to
hoary bats)
1 Examining mortality trends ovdéime and how these are influenced by turbine design
Developing rangavide speciespecific mortalityestimates (cumulative/annual)

1 Gaining a betteunderstanding of migratory movements (using the Motus tracking
system) and they relate to mortality

1 Evaluding predictive models (BirdCast)
1 Analyzing database data using the GenEst estimator

=
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Questions & Discussion

Q: Standardization and metricg why does Canada use per turbine metric?
A: We do both, can analyze both per turbine and per MW mortality.

Q: Howdoes the Mtustracking system work? Which species were tagged?

A: Motususes automated radio telemetry stations. It has a global scope, with stasehup in

US and Canada, Australia. This is one of a few studies ueing td track bats in Sathern

Ontario. Specifically, we are looking at bats crossing Lake Erie here, using small radio frequency
tags ($206B00 each). Silvemaired, hoary and Easte red, but the system has been used to

track up to 12 species so far.

Q: How likely is the patternwitf 2 ¢ NI G Sa G2 0S Ay ¥FfdzSYyOSR o0& a3z
companies do not want to share studies that show high fatalities.)

A ( Cat her i mee)that bidsan jutisdiotions where submission is mandatory, so we
can use those areas to estimate the$in other areas

A (Ryan): The companies that are participating are giving us all their data.

Q: Which 10 species made up the majority of birdrcasses, and are there common factors for
the 10 bird species that are killed the most? For example, deytoccurring in high density
GKSNBE 1AffSRE FNB (KSe& YAINIrydazr 2NXK

A (Ryan): Horned larkinhabit the habitat around most wind facilities, espegiatl the prairies.
Some migrants are in the list of top speci8se postefor list of species.

A (Catherine): Aerial singers and insectivores aresfiezies we would expect to find in the
RSAs of turbines.

Q: Are you aware of any plans by the Ministry to use th8® dataset to adjust monitoring
protocols or fatality thresholds in Ontario?

A: We are providing that data to the ministry to make thoselkiof decisions, but we do not
make those decisions, so | am not aware of any specific plans.

Q: Fatality information is valuable, but only one piece of the puzzle. Is there an effort to
collect information on turbine operation or other environmental comidns (e.g., rotor RPM,
wind speed and direction) along with fatality information?

A (Ryan): We do not currently Yathat information, but it would be great to get it. We can
adjust the database to start collecting specific details that would be useful.

Q: For AWWIC and Canadian databases, is there information available related to collection
methods, calibration inb (if applicable), data analysis techniques, quality assurance,
assumptions, etc? Are data sets linked to associated reports, studies, aedneviewed
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literature?

A (Catherine): Alongside the raw data, we also get environmental assessment reports and
methodologies. We also calculate results based on the raw data, so that helps with
standardization.

A (Ryan): The AWWIC database has informadimout each of the studies, including what
approach was used for determining bias, etc.

Q: Any discussion around enging the databases?

A: l't’s a discussion we’'ve started. We each h
would need to resolve thosgieces before anything could be merged, but we are talking about
this.

Demography of Birds Killed at Wind Facilities

Presenter: Tara Conkling, United States Geological Survey (USGS)

Authors: Tara ConklingdSG} Hannah Vander Zandedriversity of FloridaJames
Diffendorfer USG} Adam DuerrBloom BiologicdJ Scott Losgdklahoma State Universjty
DavidNelson University of Maryland Center for Environmental Scigntdie Yee[SG} Todd
Katzner ySGp

PROBLEM RESEARONEED

Growing interest in wind energy development has led to increased concerns regarding the
potential environmental impacts of thedacilities, including adverse effects to wildlife
populations. However, there is limited research examining the effects ai-amergy derived
wildlife fatalities on the demography of affected avian and bat species.
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Objectives

Our objective was to éisnate demographic parameters and population growth rates for
multiple avian and bat species. By looking at many species, we also sought to:

1. make rough relative rankings/prioritizations of the risks of renewable effects across
speces; and

2. possibly idently species traits associated with risk (e.gyvs. kselected species,
migrants vs. nommigrants, species with and without large proportion of immigrants,
etc.).

APPROACH

We elicited expert opinion to develop a list of 34 priogpecies that may be facted within
California. We then developed matrix models within a Bayesian framework for each species
included in this list. We derived model priors with data from expert opinion, literature reviews,
and broadscale population mondring programs includiopBreeding Bird Survey (BBS) and
Monitoring Avian Productivity and Survivorship (MAPS). Additionally, we estimated immigration
rates by incorporating the likely origin (local vs. migratory) of individuals killed at California
wind erergy facilities, basedn quantifying hydrogen stable isotope ratios from bird and bat
carcasses.

Using demographic rates derived from literature as prior information, we developed an
Integrated Population Model (IPM) to estimate temporal variabilityemdgraphic rates and
test the effects of a simulated decrease in survival on population dynamics.

HNDINGS

We detected substantial amorgpecies variability in the proportion of migrant individuals

killed at wind facilities, demonstrating the highly sgesspecific nature oftte geographic and
thus demographic impact of fatalities to these populations. Likewise, preliminary analyses for
several species including American kestrels;tegleéd hawks, horned larks, and western
meadowlarks highlighted poterati discontinuities betwen model outputs (e.g., survival rates)
and demographic estimates derived from existing monitoring programs.

We were able to develop models for 29 of the 34 species; based on our models, 20 of the 29
species have declinimgppulations A <1); the otherdhave stable or increasing populations.
Lacking current population data, we were unable to develop models for five of the species: red
necked phalarope, ruddy duck, black rail, hoary bat, and Mexicardrieel bat.

CONCLUSNSY APPLICATIONS

How to intepret these demographic models in terms of species conservation and renewable

energy impacts? It would be helpful to know how many of the individuals killed at a given

facility are locallfa s p eaogeiglarde butthe catchment areas small then additional

fatalities likelyare not highly influentiabn population sizeHowever , i f a speci es
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but the catchment area also is larger small populations additional fatalities may matter a lot,
especially wmenA <1. If both rang and cathment area are smalihen additional fatalities may
matter a lot regardless of population size and regardless of

These preliminary results illustrate the importance of obtaining baseline demographic data for
species that occur near renewable energgilities to better inform model priors, to increase
identifiability of model parameters, and to improve fit of demoginec models.

We also demonstrate the ease and utility of incorporating sample collection methodologies into
existing fatality monitorig programs (i.e., feather and fur samples from found carcasses) to
obtain stable hydrogen isotope measurements from iiddal facilities and locations. By
increasing the size and quality of the overall dataset, we can more accurately incorporate
immigration and emigration data into demographic models and improve our understanding of
assessment and consequences of renewadslergy effects to wildlife populations.

Questions & Discussion

Q52 @2dz 4SS a@8YySNHASA gAlK (KSDfthR laigdscale 2 dzQ NB
database?# Is there overlap and could they be used together?
A: Yes. We' ' r e wardbksameogbdls@faeducinggmpdcsst\Wathout that info, we

02

don’t know which species we needzled Renesvables i der .

energy is a smal/l part of the total picture
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A Wildlife Forensics Approach to Characterizing the Geographic
Footprint of California Wind Energy Effects on Avian Populations

Presenter: Hannah Vander Zanden, University of Florida

Authors: Hannah Vander Zandebfiversity of Floridg David Nelsonniversity of Maryland
Center for Environmental Sciejc€ara Conkling, Todd KatzneiS(Geological Suryey

PROBLEMRESEARCNEED

One of the recognizednvironmental impacts of wind energy generation is the fatality of avian
wildlife that accompanies theperation of such facilities. A central challenge to mitigating this
impact requires an understanding of the demographic mechanisms and geographico$cope
these effects on avian populatiorBeyond counting the number of fatalities, we need other
approactles to determine scope and demographic outcomes for the species that are killed.

Wildlife forensics approaches may be helpful. Hydrogen isotdpes @re an intrinsic marker

that are commonly used to trace the geographic origins of migradopye c i e s . PHecipit
isoscapes show variation across continental gradients, and this local environmental signal is
incorporated through the food web intanimal tissues at the time of growth. ThéH

composition of feathers from carcasses found atdvenergy facilities in or near California

reflect the location feathers were growRor example, a recentgublished study used stable

isotope data to deternme that 2%%60f golden eagles at Altamont are recent immigrants,

suggesting that stable populaticmumbers are supported by immigration from outside the

Altamont.

Objectives

Analyze the hydrogen stable isotope compositiotH) of feathers from carcassespriority
species found at wind energy facilities in or near California to assess the ligely of
geographic origin.

APPROACH

Using input from policynakers and stakeholders, we identified a group of 32 priority species
for study. These are speciegth different life history strategies of varying conservation
concern that are often found atitaer solar or wind facilities in the state. We analyzed feather
samples from 423 individuals of 17 of the priority species killed at four wind facilities and
modeled the likely origin of these individuals to characterizertloeal or migratory status.

We stared with a precipitation isoscape amnélied on regressions from the literature to match
species as closely as possible, usipecies range maps obiteed from BirdLife Internationab
compute probability of originFor each individual, we usecheeant ?H value. We included
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multiple levels of variance, and for each individual produced a posterior probability surface.

Finally, we used pogirocessing to designate individuals as local or nonlocal and make
summary maps, with a color gradient indicg more likely areas of origin. To determine the

local or nonlocal status, we looked at the probability of origin at the site where the sample was
collected, setting a threshold probability for determining whethiee feather was grown within

the regionthat includes the collection site. @ this threshold setting changes the outcomes is
something we still have to explode.

HNDINGS

We had a total of 772 feather samples, including multiple samples from the same individual in
many cases. The overwhelmimajaity of samples from 12 of our priority species with two or
more individuals sampled came from the Altamont. Overall, we found a lot of variatidhiin
values within and among species.

Preliminary results indicate that the geographident of impactextends far beyond the state
of California, and we highlight the patterns for several species for which this is theFaase.
example, migrants composed @bf the American kestrel samples,%f the redtailed
hawks, and 8%of the wesern meadowlark saples.

We are doing the same type of analyses for all the species, but this presentation focuses on
examples from two species that represent ecologically distinct grougrsekl lark (passerine),
and redtailed hawk (raptor).

1 Horned L&k (HOLA) 76%0f fatalities appear to be local, vs. @hon-local; some of
these nonlocal individuals may be from not too far away from Altamont.

1 Redtailed hawk—Only 38%60f fatalities appear to be local, vs.%@hon-local; some of
these may be migtiang from fartheraway but not very far away.

We generated local and ndocal summary maps for horned lark and #tadled hawk

respectively, along with histograms showing the month and facilities at which the samples were
collected. Maps showing the sge@ s ’-rouncerange were compared with the local vs. Ron

local summary maps.

Overall, among all 12 of the species we analyzed;laocal individuals make up %dof the
samples. The nolocal percentage ranged from zero for mourning doves and wthited kite
to 100%for house finches and over 8&for the barn owl and western meadowlark.

CONCLUSIONSAPPLICATIONS

We can obtain infomation from carcasses which tells about their geographic footprint. We plan
to contrast this with similar data from saléacilities, andwvill combine the geographic footprint
analysis with demographic modetsidentify the demographic consequences for avian species
that are affected by wind energy operations.
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Questions & Discussion

Q: What is the typical per unitost for hydrogen isotpe analysis? How many labs can do this
analysis?

A: Hydrogen is $130 per sample (a little more expensive than carbon and nitrogen). There are
a number of labs around the US.

Q: How is the interpretation of isotope signatures affesd if an individual that is growing
tissue during migration eats other migrants?

A:An organism’ s hydrogen values are influenced
individual is feeding on other migrants, it might still be possible to determine thigjiin using

stable i®tope signatures if a lot of the assimilated hydrogen is from drinking water. Then

again, the signal could be biased by the diet of migratory individuals. It would be interesting to
investigate this with birds whose diets we knowera about. For individals that grow their

feathers during migration, this will definitely influence the signal. Therefore, it is important to

know the molting patterns of the species of interest and what period of the year would be
represented in the dtected feathers.

Q: Any there any stable isotope data from birds that collided with buildings or towers? How
do you think those local/noHdocal patterns would compare with wind and solar?

A: | am not aware of any stable isotope studies for other anthgemac collision or fatay
causes. | am not sure of reasons to expect differences. It may be that local individuals habituate
and are |l ess |likely to collide, but we don’t

Q: Is it fair to conclude that resident or local birds are learningawoid turbines?

A:ltmaydepnd on the species, but we don’t have an
case.
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Reducing Impacts to Eagles and Other Raptors

Moderated by Bob Murphy, Eagle Environmental

Research into the Auditory Attributes, Vocal Characteristics, and
Behavioral Response of Eagles to Acoustic Stimuli

Presenter: Jeffrey Marr, University of Minnesota

[slide presentatioh

Authors: Jeffrey Marr, Edward Walsh, Joann MeGGPeggy Nelson, Julia Ponder, Christopher
Milliren, Christopher Feist, Patrick Redin{versity of Minnesota

PROBLEM RESEARONEED

The development of acoustic deterrent technologies to mitigate raptor fatalities at wind farms
requires fundamentalesearch into the sensory capabilities of bald and golden eagles.

Objectives
This research had three goals.

1. Assess the frequency rangelsfaring and auditory sensitivities of bald eagles and
golden eagles, as well as the auditory sensitivities of a gateospeciesred-tailed
hawk.

2. Identify salient features of eagle calls that may be used in the development of acoustic
deterrence protocd.

3. Complete pilowork on behavioral responses to auditory stimuli.

APPROACH

We assembled a project team with exped in wind energy engineering, avian/raptor medicine
and surgery, auditory neurobiology, bioacoustics, and audiology.

Part 1: For each sgies, both auditory brainstem response (ABR) and auditory steiady
response (ASSR) tests were conducted to exalthreshold and suprathreshold responses:
that is, what can eagles hear? Auditory brainstem response was measured by anesthetizing a
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bird, placing a small auditory speakerabdkeb i r d’ s head, and tmeasuri ng
brain. Slide #5 illustratethe avian auditory pathway, which is very similar to that of mammals;
successive waves reflect the sequential activatiomafeasingly rostral auditory nucleWave |

is produced by the auditory nerve. An ABR example is shown on the lower right. pbeses

waveform consists of-8 highly replicable peaks/waves identified here with arroW&vel is

generally largest and the response element that we used in this studiite work also includes

an assessment of retiled hawks as a potential surrogagpecies for future technology

validation. Slide #6 compares the subjects (18 eagles and sevailestihawks) in terms of

sex, age, and other characteristics.

Threshold is defined as the lowest stimulus level at which a response peak is reliably
detectable, and is determined by methodically reducing stimulus level in 10 dB steps until near
threshold, at which point stimulugvel is decreased in 5 dB steps to provide a more accurate
estimate of threshold. Threshold value for the rzdled hawk is indiated by an arrow in the

figure on slide #8.

Part 2: To identify salient features of eagle calls that may be used in tietogevent of
acoustic deterrence protocols, wesed high fidelity recordings of eagle calls collected under
controlled conditions athe University of Minnesota Raptor Center.ubset of birdsvas
recorded outdoors, approximately 3 m (10 ft) frahe microphone, and a subset of birds was
recorded indoors, approximately 4.6 m (15 ft) fréine microphone some up to 18 m (~60 ft).
Slide#12 details the equipment and specifications used. Measuremeats made on 362
artifact-free calls.

Part 3: The third parof our study tested the behavioral response of bald eagles to various

auditory stimuli that included natural sounds suchaseagied ot her bird -call s,
natural” stimuli. We used three adudt bal d ea
wild/clinic bird).

1 10-12 stimuli for each bird (signal sets)

1 10 reps for each signal set (tests)

1 Sounds emitted from either lefir right speaker

1 Video recorded responses (head turn, body movement, activity level, etc.)

For this we used th#&obile Evoked Auditory Response Laboratory (MEARL) at Cyril, Oklahoma.
Nine veterinary and audiology judges reviewed the video data and scespdnses to signal

sets and tests. Judge scoring was aggregated to determine behavior response to auditory
stimuli.

HNDINGS

Part 1: Slide #8 compares findings for bald and golden eagles as#diletihawks of the ABR
testing. Waveforms are produced frostimulation with clicks; these are highly replicable and
response amplitudes increase directly as stimulusllenareases. Response latencies also
increase in an orderly manner as stimulus level is decreasedther standard characteristic
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of soundelicited auditory responses.

Results were as expected, although we noted thattaatbd hawk response amplitudegere
always greater than those observed in either eagle species. Slide #11 shows response
amplitudes increasing in an orderly manner as stusuévels were raised. While amplitude
growth is remarkably similar in the two eagle species studied here, thles® make clear that
red-tailed hawk response amplitudes were always larger than those observed in either eagle
species regardless of stimulan level, even though the same essential growth pattern was
observed. This is likely due to differences in maiply.

Slide #9 compares ABR thresholds for the three species. Threfsbgleency curves, or
audiograms, are generated by plotting thresheldues versus stimulus frequency, and, as you
can see in this plot, the shapes of threshold frequency curvehighdy similar across species,
although redtailed hawk thresholds were, on averagel5 dB lower than that observed in
eagles. Greatest settisity, known as the best frequency, was observed at 2 kHz for each
species studied. All three of these species auditory generalists, rather than specialists.

Part 2: Calls/songs were separated into 5 categories:

1 Cackle (175) sequence of brief elenmgs (syllables) exhibiting harmonic structure that
are repeated rapidly; some frequency modulation

91 Chirp (88)similar but more tonal in character, also exhibiting some frequency
modulation and less nonlinear character than the cackle.

1 Grunt (16)

1 Scream41)—higher fundamental frequency, highly harmonic and exhibiting a diversity
of frequency modulation patterns ithin a call.

1 Squeal (42> most complex, with a lodf frequency modulation and nonlinearity.

Calls exhibit substantial ndmear elementge.g., deterministic chaos, subharmonics,.gtc
especially associated with screams and squeals. A subsetsascidharly social, based on a
recent encounter with a larggroupof bald eagles in British Columbia.

Part 3:Preliminary findings from thbehavioral response tests were thaore complex stimuli
elicited the srongest responses. Grunéicited the strongest response. Of the synthetic
sounds, FM complex stimuli elicited the strongest response.

Habituation (reduced responsivity to stimulipe/observed across repeated trials. Slide #20
shows how relative habituation wastimated in this individual bird by averaging the numeric
values representing the strength of the response (0 = no response, 1 = weak response, 2 =
intermediate response an@ = strong response) that were assigned by all judges across each
stimulus trial. We expect to see differences in habituation with call type.
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GONCLUSIONSAPPLICATIONS

Although these findings are preliminary, eagles (bald and golden) arigited hawls appear
to function as auditory generalists based on audiogram comparisongedfailed hawk is an
appropriate surrogate for bald and golden eagles.

We identified five vocalization categories on the basis of speetmgporal properties; there is
subgantial diversity within call types, most prominently screams. Bald eagles rdeddn
spectrally complex acoustic signals more consistently than simple acoustic signals.

Habituation was generally observed following stimulus trial repetitions.

Questions& Discussion

Q: What isthe application of your findings?

A: We were charged i doing basic physiological research, going into the peeiewed
literature. In terms of wind energy, this information can be used by people developing audio
deterrent tecmologies. | showed the simplest threshold, but more sophisticated analyses can
alsobe found in our reports.

Q: In the comparison of response amplitudes (slide #11), the error bars were pretty tight.
Were the two eagle species closer to each other in teraf their response thresholds than the
red-tail?

A: The eagle species were qutiese to each other in response; the rdl hawk was more
sensitive to thresholds. Technology developers have to make assumptttmeagles have a
special adaptation thatve can take advantage of? The purpose of this research is to help us
with makingdecisions about where to focus when developing technology.

NWCC Wind Wildlife Research Meeting Xl Proceedings 85



Pilot Study to Evaluate the Effectiveness of DTBird in Reducing Risk of
Golden Eagles and Other Raptors Colliding with Operational Wind
Turbines

Presenter: Jeff P. Smith, H. T. Harvey and Associates

[slide presentatioh

Authors: Jeff Smith, Jeff Zirpoli, Judd Hdly&ristina Wolf, Scott TerrilH( T.Harvey &
Associatep

PROBLEM RESEARONEED

DTBIird® is an automated detection and deterrent system designed to minimize the risk of birds
colliding with operating wind turbines. We conducted ari®nth pilot study(December 2016

through August 2017)tdevel op an initial quantification o
golden eaglesAquila chrysaetgsand other medium/large raptors (e.g., r¢gled hawks

[Buteo jamaicens]sand other buteos) at an operatiahwind facility.

Objectives
1. Evaluate dtection module using eaglike UAVs (drones).

1 Evaluate detection and deterreittiggering response envelopes and influence of
flight and visibility factors.

1 Estimate probability of detection.

2. Evaluate deterrence nuule by assessing behavioral responseis gitugolden eagles
and other raptors revealed in DTBird videos.

1 Estimate probability of deterrence.

3. Estimate potential for reducing risk of eagles and other raptors entering the-sotept
zone (probability ofletectiontimesprobability of deterrence).

4. Evaluate falsgositive rates and system performance reliability.

APPROACH

We installedDTBird systemsn seven turbines at the Manzana Wind Power Project in southern
California (slide #9)he project consistsf 126 1.5MW turbines in the foothills of the Mojave
Desert. Turbines were selected strategically, not randomly, to meet criteria that included:
known eagle activity, habitat diversity, efficient network integration, and flight logistics.

The sygem deployedfor this pilot study includedour cameras mounted in cardinal directions
on each of the seven turbinesyaleobased detection module that tracked objects based on
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settings calibrated for birds with wingspans equivalent to those of goldgiesaand a
deterrence module with speakers that emitted sounds to discourage birds from entering the
rotor swept zone (RSZ) of turbind$he system produces a tinsamped record of detection

and deterrent events and associated video clips. Analystsmuseriine dgital analysis

platform to classify and evaluate detected objects and export data and video clips for further
analysis.

We used eagHike, fixedwing unmanned aerial vehicles (UAVS), equipped with high temporal
and spatial resolution GPS tkaeg devicesind flight data recording systemas surrogates to
evaluate performance of the detection and deterrerciggering functions in relation to a
variety of landscape, flight characteristics, and visibility parameters. The sampling unit
consistedof randomlygenerated transect flightstratified by distance, altitude, orientation,

and trajectory. To achieve independent transect samples, UAVs went out to predetermined
loiter points and circled there for 30 seconds before starting a new transeee. ¢lides ¥-

11.)

The deterrent system also is based on calibrated bird sizes. The system calibrates perceived risk
based on a bird’s flight height and proximity
—for birds that get closer to the RSA stronge dissuasionsignaVe eval uated DTBir
ability to deter eagles and other raptors from approaching turbines by assessing the behavioral
responses oin situraptors exposed to the deterrent signals, as depicted in a randomized

sampling of aproximately5,000 of 16,000 DTBird event video records from January through

August. Raptor flight diversions >15° away from risk and attendant changes in flight style were
considered indicative of successful deterrence. We used a logistic regressiornuate\he

influence of wind speed and month on the probability of deterrence.

HNDINGS
Slides #14 and 15 show the results for probability of detection.

1 Response distances are highly variablegher than expected. The detection envelope
angles up, so ancontributor to variability is birds flying in low and then popping up into
the RSZ close to the turbine (See slide #12).

1 Generalized Linear Mixeeffects Models (GLMM): Cloud cover was an important factor;
mostly cloudy, whitish skies yielded best detent dynamic bright blue skies with bright
clouds yielded poorest detection. In general, detectability was best in the middle of the
camera viewsheds. Detectability also improved as the profile exposure of the UAV
increased as a result of increased rollamgl pitching, steep descending flights, and
bouncing around in the wind. Detectability declined with greater sun exposure (glare

factor) behind the UAMGL MM f or r esponse [rahdomeflecicee = Tur
Event Type + UAV ID + visibility factorsghfilposition variables + selectedway
interactiong

1 The overall probability of detecting an eagdilee UAV that passed within the expected
240-meter maximum detection range for a golden eagle wa%6Bhere is a lower
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probability of detection when targe come in low and pop up into the RSZ. Probability
of detection is routinely lower for soutfacing cameras with suglare, especially for
targets soutkeast of the turbine in the direction of the morning sun.

1 Species identification was difficult. The @Bystem does not distinguish birds from
other airborne objects, but filtering can redutase positivegdetections of nortarget
objects).

Slide #X shows the results of the deterrent response evaluation. Based on flight diversion
angles and other @nges in behavior in response to warning and dissuasion sigmaitu(
raptors),we classified the deterrence responses of 255 individual raptorsidimg 42

confirmed golden eagles and 46 confirmed buteos. Focusing only on cases that we classified as
unequivocally successful deterrence events, the overall deterrence rate for all raptors was 36%,
for buteos 39%, and for golden eagles 52%. Includingntiatl successes increased the

deterrence rate for all raptors to 76%, for buteos to 78%, and for goédayles to 83%.

We estimated the probability of collisiennsk reduction from deploying DTBird as the cross
product of the estimated probability of dettion derived from the UAV flight trials and the
estimated probability of deterrence derived from thesitubehavior studies. The minimum

reduction in risk is the estimated probabilit
deterrence. The mximum reduction in risk is the estimated probability of detection times the
sum of the dsuypasesisblue™ @mobabilities of detert

summarized in slide #18:
1 Golden eagles: 33 to S@reduction in collision risk
1 All raptors: 240 62%reduction in collision risk

CONCLUSIONSAPPLICATIONS

Our results demonstrated thateployment of the DTBird systems had the potential to reduce
the risk of golden eagles entering the RSZ of the seven study turbines by an estimated 33 to
53% Ths suggests that deployment of DTBird may reduce collision risk for golden eagles at
operationd wind facilities. However, several factors will influence the actual risk reduction at a
given facility:

1. the spacing and location of DTBeduipped turbines riative to eagle/raptor activity;

2. the relative abundance of resident versus transient/migrgtbirds and variable
tendencies to habituate to the deterrents;

3. the prevalence of falspositive detections (i.e., detections of inanimate objects and
non-targetbirds);

4, sitespeci fic | andscape conditions thadt 1 nfl uc
track target birds (e.g., sun glare, variable cloud cover, other sources of visual clutter,
and wind dynamics); and

5. site-specific variation in technology rability and maintenance needs.
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Caveats: This study looked at risk reduction at the turlmoe facility, level The technology
shows @od potential, butwe need to evaluate habituation potential and look at nuances as
well as test at other locations.

We will expand this research in 202820 to include a second wind facility in a distinctly

different landscape, conduct additional experimental investigations, evaluate certain

refinements to the DTBird system, and develop masitié inference about DTRir' s abi | i ty t
reduce collision risk for golden eagles and other raptors exposed to operational wind facilities.

Questions & Discussion

Q: Could DTBIrd system be combined with radar for use with nocturnal migrating song birds?
Could such a combination keffective in preventing catastrophic mortality events?

A: DT Bat is available for nocturnal detection and deterrence of bat and potentially could be
adapted for birds.

Not Asked during Session

Q: Why use the average detectability across turbines (63%}eaad of detectability in the
distance band >230 to < 80 m? Which is the cumulative detectability up to 80 m and up to the
blades?

A: Evaluating the probability of detection within the overall 246ter expected detection
envelope is more consistent withotv the USFWS incorporates eagle activity rates in their
Bayesian model estimates of collision risk (i.e., activity rates estimated based on eagle activity
detected within 806m radius, 20@m tall cylinders around count sites (or prospective turbine
locations). We will further evaluate such nuances in our expanded study.

Q: How fast do the eagles respond to the acoustic deterrent? Will this be effective under
most/all conditions (wind speed, flight line) or limited to birds moving slowly, for example?

A: We evaluated behavioral responses to deterrents within 5 seconds of emittance. Responses
are often immediate, but that is not the same as assessing how quickly they are able to
effectively divert away from riskwe did not specifically evaluate thgsieston in this pilot

study, but it is of course an important one.

Q: Did you notice whether eagle activity was different during UAYV flight trials?

A: There was very little eagle activity during the flight trials and we did not have a reliable
means ofcompaing activity during and outside of the flight trials.

Q: What were the challenges with installation and integration of DTBird units at the host site?

A: Please read thiechnical eportfor a preliminary assessment of such matters.
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Q: Noise is a sensitive issue for wind farms. How loud is the dissuasion sound? Would it be
audible to humans, and at what distance from the turbines?

A:ltis very loud at the turbines and readily detable by humans as much as a kilometer away,
but this varies a lot depending on wind and weather conditions.

Eagle Detection, Identification and Deterrent, with
Blade Collision Detection for Wind Turbines

Presenter: Roberto Albertani, Oregon State Univesity

[slide presentatioh

Authors: Roberto AlbertaniKyle Clocker, Congcong Hu, Matthew Johnston, Will Maugegr
Peng, Sinisa TodoroviOregon State Univsity); Manuela Huso, Todd Katznét$ Geological
Survey

PROBLEM RESEARONEED

Supporting and improving the coexistence of wildlife with onshore and offshore wind turbines
is a majorconservation interestWildlife interaction monitoring and deterreérsystems,

coupled with detection of blade strike events, can support turbine installation decisions and
effective siting verificationMoreover, an autonomous monitoring system for blatgke
detection and taxonomic verification can inform wildlife deent validation and potential

siting permission processes.

Objectives

We present the design of a novel medegnsor, multicomponent system applicable to any type
of wind turbine, alongvi t h t he results of parti athred esti ng
fundamental objectives:

1. Detect and identify eagles flying in proximity of wind turbines including flight trajectory
prediction

2. Deter eagles using kinetic ground devices

3. Detectblade collision using continuous vibration sensing and automatic videtorea

APPROACH

Slide #5 gives a schematic overview of a turbine with its threesgatems: (1) automated
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visual detection; (2) Eagle deterrent; and (3}ade event (strike) detdion and image
capture.

1. Eagle detection is achieved by processing visteeamed by a single miniature, 36@dsion
smart camera mounted on top of the turbine (slide #&pagle detection and trajectory
estimation in 36€degree video consists of detectingoving objects in the video,
(foreground), and then applying a deep gotutional neural network on the foreground to
detect the target, determine if it is a golden eagle, and if so predict its direction of motion.
We tested this using an eagle from tHeggh Desert Museum in Bend, Oregon (slide4 &8

2. The deterrentsystems based on eagl es
this case, a colorful commer ci al infl atabl
an inbound eagle is detted. Deterrent units are triggered by a central computer and
operated n random order to minimize habituation. We tested this in a wind tunnel and on a
pick-up truck to assess when and how it operates, then tested it in the field at the Bear
Valley Wildfe Refuge near Klamath Falls to see how it affected wild eagles.

3. The blale-event detection employs a custom, lgpower wireless sensor module installed
on each blade (slides #11B). Continuous sensing includes vibration, motion, and image
monitoring whik data storage is only triggered by the detection of an abnormal event on
any blade, including wildlife or lighting strike. We have tested this part of the system using
tennisballs and small potatoeseviewing video clips saved when a vibration occurs.

HNDINGS

Eagle detectionSlide #11 highlights results of the detectimsting. We reviewed 34 video
clips, each 120 seconds, consisting of 24 frames per second. An annotation of frames with
birds 15030 feet from the camera resulted in 2,030 videarfres with eagles, and 630 with
other raptors.Detection results showed ¢in true positivgeagle detections when eagle was
present)and true negative ratesas well as relatively high false positive%@hndlow false
negativerates. There is an averageg-time delay of about six frames before the system
recognizes the birds an eagle, and a corresponding stope delay of the same length.

DeterrentThe i nfl atabl e f i guraadcsasestotasnceat@abotitii3ance”

mps. However, even if it is horizontal (parallel to the ground), it is still visible te &agh

above (slides #124). During testing, of a total of 27 wild eagle sightings, the visual deterrent
was deployed with 11 edes. There was only one instance of an eagle changing its flight
pattern at deployment. These results are as yet inconcluslive,to a low number of events.

Blade strike detectionThis component of the system seems to work well. Slide #19 shows an
exampe of an image captured by the video during a strike event from a waled tennis ball.
Slide #20 shows examples of deteatof anomalous blade vibrations that triggered the storage
of images for event identification.

CONCLUSIONSAPPLICATIONS
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The system, as designed, will effectively detect approaching eagles and potentially deter them
from flying in close proximity to wd turbines. It represents an important improvement in
eaglewind energy interactions minimization technologwseng a current barrier to full
development of the wind energy market.

Questions & Discussion

Q: What is the minimum weight tested for impaatetection?

A: Kinetic energy, not weight, triggers the detection systemt depends where on the blade
the obect strikes. We will implement a machine learning algorithm to recognize targets
weighing 1612 grams (using potatoes).

Q: Can you see if ske tests caused any mictvactures of the turbine blades?

A: No damage whatsoever.

Q: Costc do you need detetton units on each turbine?

A: The deterrent can be located at any location within the wind farm. For detection, we can
have one detection unper turbine rotor, rather than per blade.
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Effectiveness of Radar Assisted Shutdown on Demand of Turbines as a
Mitigation Tool to Avoid Soaring Bird Mortality in Wind Farms

Presenter: Ricardo Tomé, STRIX, Lda.

[slide presentatioh

Authors: Ricardo ToméAlexandre Leitdo, Filipe Canario, Nadine Pires, Nuno Vieira, Marta
Sampaio $TRIX, LdaMahmoud EisaNREA

PROBLEM RESEARONEED

Wind farms mayause adverse effects on birds, especially mortality resulting from collisions
with turbines. Although agative impacts are markedly sit@nd projectspecific, several studies
have shown that soaring birds such as raptors are particularly vulnerabldigats. Such risk
increases when wind energy projects are installed along main migratory flywaysorumng

or foraging areas, where the number and frequency of birds is higher. The fact that some of the
most wind productive areas worldwide overlap wihese areas represents a major challenge

and an opportunity to develop innovative and effective mitiga measures to reconcile wind
energy production with important conservation aspects.

The map (slide #7) shows migratory flyways between EuropeaAdidfrica. Two areas where
wind energy projects and migratory flyways overlap are the BSJ wind faRurtimgal, near the
crossing betwen Spain/Portugal and Africand the GeZ wind farm, in Egypt. Both areas have a
high number of bird movements and anety of species at risk. Despite differences in size and
location, both projects are installed in magory corridors of international importance for

soaring birds: the 50 MW BSJ wind farm (Portugal) is crossed by nearly 5,000 individuals every
autumn, whereas almost 400,000 birds occur in the 200 MW GeZ wind farm during spring.
Nearly threequarters (736 of the movements in Portugal are within collision risk height (35
125 m). In Egypt the birds tend to be flying at higher altitudes, so that ofbollBhovements

are within risk height (2@00 m), but there are more birds at this site, so there are afldiirds

at risk (slides #81).

Objectives

Following a thorough evaluation process engaging interested stakeholders, Radar Assisted
Shutdown on Deman(RASOD) was selected as the most appropriate minimization measure to
be implemented. The goal of thisgsentation is to summarize and evaluate the performance

of such method in the BSJ and GeZ wind farms.
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APPROACH

A schematic in slide #15 illustratdee RASOD process. A flock of soaring birds is first detected
by radar.If shutdown criteria are met, the shutdown order is given by phone call or accessing
remotely the wind farm econtrol system (SCADA), followed bsesstart order after the birds
havepassed. Shutdown criteria are as follows:

1 Intensity of migratory flow

1 Flocks

1 Globally threatened species
T Imminent collision risk

1 Sand storms (in Egypt)

Video (slides #188) show: (1) a flock of Gryphon vultures flying around moving blades in
Southwest Pdugal, with one being struck; (2) flock of vultures over BSJ wind farm with blades
shut down during passage; (3) a flock of white storks flying aba/&d¥ wind farm during a
shutdown event. Slide #20 shows a radar image (radius 8 km range), with isoftaeking a

flock of vultures as it approaches the wind farm, and the point at which shutdown was
triggered.

HNDINGS

The temporary shutdown of turbes has proved extremely successful, rendering nearly zero or
very low mortality of soaring birds in iowind farms since the beginning of their operational

phase (2010 for BSJ and 2016 for GEZ). In Portugal, the BSJ facility has had only two fatalities o
soaring birds in eight years, based on systematigd®kly extensive carcass searches. In Egypt,
carcass surveys are limited and not conducted systematically. Nevertheless, recordteindica

that approximately 510 soaring bird fatalities have occurredrpyear over the past three years.

The operational results of RASOD in Portugal and Egypt were cednwdh previously
established shutdown scenarios based on the information collected during thegmstruction
monitoring of birds. In both cases, reajuivalent shutdown periods were markedly lower than
anticipated due to optimization over time as rédisof cumulative experience and adaptive
management.

Graphs in slides #23 show that the number of shutdowns has trended downward over the
years (201€017) that RASOD has been implemented in Portugal, with a corresponding
decrease in the total equivaté period of shutdown hours: 7.25 hours in 2017, or 028 the
available production hours during migration season, and%.06Bavailable annual prodtion
hours. Slide #2@8 shows the equivalent data for the GeZ wind facility in Egypt for the years
2016-2017: shutdown production loss is 0.08of actual annual energy production, 0%®f
actual energy production during the spring migration season.oByarison, shutng down for
maintenance and other reasons cost %6f energy production during spring
GONCLUSIONSAPPLICATIONS
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In the light of these results, we also analyzed the implementation of RASOD in a 168 MW
proposed wind farm project in Isrgelhere a conflict with foraging and breeding vultures is

likely to emerge. We looked &igh resolutiomn GPS location data to estimate the total time

Griffon vultures spend inside the project area, visual surveys to estimate the relative proportion
of different sized flocks, and GPS data from vultures originating from different Israeli colonies to
estimatethe total number of vultures occurring in the area. Based on these estimates, we
anticipate 35 hours of shutdown, 0r4%o0f the available energy production hours (slide #32).

We conclude that radaassisted turbine shutdown on demand can be extremeligieffit in
avoiding collision mortalitin areas where such a conflict may emerg#ectively reducing
soaring bird mortéty rates while incurringnegligible production losse¥he combination of

radar and human observer vantage pa@montribute decisivg to birddetection, tracking and
identification Performance is enhanced by direct access to SCADA (turbine opeiatimol c
system) and by adaptive management as the team gains experience, and radar position and
monitoring period are optimized.

As wth any technological solution, this approach requires-sppecific adaptations to wind farm
layout, topography, and espally differences in bird communities, abundance and behavior.

Questions & Discussion

Q: Have you observed birds colliding with tows&or moving blades?

A: In the GeZ wind farm we have massed soaring bird collisiona éwo occasions. Both

involved small raptors (Eurasian and Lesser Kestrels) that were only detected already very close
to the rotating blades, with no time to order &wtdown. In Portugal collisions at BSJ are quite

low; we found only two in eight years. We did not see thstfone, but the second involved a
honeybuzzard that emerged very suddenly from a valley, and we could notlsédplades in

time. However, m seseral occasions we have seen the same birds we have just saved colliding
at neighboring wind farms that ameot operatingwith shutdowns.

Q: Are there any existing radar systems that could be used to assist automatically with
turbine shutdown (e.g., wedher or military radar or Birdcast)? If not, why not?

A: In the case of BSJ (Portugal) there are a lot oplgesurveilling the wind farm plus the radar
for 25 turbines. But the developers are happy because the percentage of operational time lost
for the shutdown was so significantly narrowedmpared to if they had to shutown during

the entire spring migratin. In Egypt and Portugal, we still need people to detect birds because
we are concerned for particular species. Radar still is not good at distinigg species of

concern from common species that do not meet gmeitdown criteria. Therefore, in such ae

with a high divergy of bird species and whespeciesspecific shutdown criteria & been set,

a fully automated radar system could triggeeduently unnecessary shutdowns for birds that

do not meet thecriteria.
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Not Asked during Session

Q: What is the range time for the shutlowns (min, max, average, median)?

A: In the BSJ wind farm the equivalent shutdown periods decreased a lot betweérsthyear
of operation (2010) and 2017 due to the optimization of the RASOD system, cumulative
experiencedy the monitoring team and adaptive management. In 2010 (75 shutdowns) the
equivalent shutdown time statistics were as follows: mif®33 h (1 tubine shutdown for 56
min); max: 8,833 h (the whole 25 turbines shutdown for 8 h 50 min); average: 1,438lgm
0.95 h. In 2017 (33 shutdowns): min005 (1 turbine shutdown for 8 min); max: 2,233 h (16
turbines shutdown for 49 min); average2@1 h;median: 0075 h.

In Egypt the equivalent shutdown time statistics are as follows (n=3 years, 177 shutdowns
total): min: Q0002h (2 turbines shutdown for 1 minjnax:5,067h (the whole 100 turbines
shutdown for 5 h 04 min)average0.096h; median:0.010 h.

Q: How many human observers are at each site, and how long each day/week/month are
they looking for birds?

A: In the BSJ wind farm (Portugal) there segenhuman observers/vantage points throughout
the whole autumn migratory season (Septemldo Decemberl5 =106 days). In the GeZ wind
farm (Egypt) there arsixhuman observers during thehole spring seasor-€bruary20 to May
20=90 days). In both cases observers start monitoring early in the morning988pand

finish late in the afteroon (16:0017:30), with some variation throughout the periods
associated with the change in suse and sun set times.

Q: What were the fatality numbers like before the shwtown study? (Or, what is the
efficiency of this mitigation measure?)

A: We do nbhave fatality numbers before the application of the shutdown mitigation measure
because this strted in the same year the wind farms started operating. However in the
Portuguese case, and despite the lack of systematic monitoring or studies on fataliieast

50 fatalities were registered duringpé past 10 years in the neightbag wind farms o the BSJ
wind farm that are not applying any turbine shutdown. This involved mostly vultures (Griffon,
Cinereous and Egyptian vultures). Our data from then&Dfarm also shows that every

autumn an average of 698 soaring birds crossesab@ swept aea of the turbines (slide #11).

It is reasonable to assume that at least a big proportion of these would die if the tuttedes

not been shut down during thecrossing.

Q: How many RASOD (radar) units are installed at the Portugal wind farm? How many p
turbine?

A: A single Xand radar unit is installed to support the surveillance of the BSJ wind farm in
Portugal (slides #220). This corresponds to 1 radaer 25 turbines or 50 MW. In the GeZ wind
farm (Egypt), 2 radars were installed, correspondmd radar per 50 turbines or 100 MW.
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Q: How many birds are needed for the radar to be able to detect them? Is there a target size
or density limitation on the system?

A: Bird detection by radars typically varies with size/mass and dist@eoerally, the larger

the bird or the flock of birds, and the shorter the distance, the higher the detectability. Marine
radars such as the ones we have been using in faimds can detect an individual passerine up
to 700 m, a small flock of starlings up to 1.2 lnpijgeon or gull up to 2.5 km, a meditgized
raptor up to 4 km, and a larggzed raptor (such as a vulture or stork) up to 7 km. Big flocks
(dozens or hundredsof waders or ducks can be detected up to 7 km whereas a big flock
(hundreds) of vultures cape detected up to nearly 20 km distance!
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Facilitating Evaluation of Impact Minimization Technologies:
ho2aSOGALBSa yR [/ KIFIffSyasSa 2F ¢

Presenter: Stu S. Webster, American WindWildlife Institute
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PROBLEM RESEARONEED

AmericanWinewWi | dl i fe I nstitute (AWWI )’ s Technol ogy
(Program) seeks to build a body of evidence around technologies and strategies to minimize

wildlife collisionsStakeholders and consumers of technology evaluatiodietinclude:the

wind industry, vendors and innovators, regulatory agencies, science and wildlife conservation
interests, and the general public. This presentation focuses on the objectives and challenges of
integrating wildlife impact reduction technolaswith operational wind energy facilities.

Objectives
The Program evaluates impact reduction technologies with the following objectives in mind:

1. Reduce/remove market barriers for lagtage technologies
Realize multiple impact reduction strategies
Provde evidence of efficacy for market and regulatory acceptance

Replicate studies under diverse locations/conditions

a r 0N

Ensure the credibility and independence of research by pursuing:
o Independent, 3 party evaluation and/or partnerships

0 Peerreview of sudy design and final report

o Published in scientific journals whenever possible

o Diverse funding sources ($2002M+ per field evaluation)

APPROACH

Technology evaluations include three key elements:
1 Biological objective;
1 Installation, integration, operans& maintenance; and
1 Performance reliability and limitations.

Most of the presentations related to the Program ae heaiing at this meeting focus on the
biological objectives, but here we highlight the second element: installation and integration of
systems as part of sophisticated wind energy facility systems.
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The question of a given techaoredlinagAWW Whstar i t abi |

Paper recently produced by Kaj Skov Nielsen for AWM&re are a number of crucial
guestions about bw impact reduction technologies themselves impact and integrate with the
systems that make up a wind energy facilRpysical instllation—mounting detectors and

other equipment on the turbines themselvesan raise questiasof warranty on turbines,
requiring coordination with turbine manufacturers as well as operators. How will the
technology interact with the system? We havectinsider network and power needs, cyber
security, engineering, newer vs older turbines, and of course coordination witbrtbiée
operator and support team.

Summary-lofstapdneti on” | ssues:
Nature and assessment of baseline impact risks
Determination of site and application suitability

Network, physical, and power needs of a technology
Physical installation of equipmentn or off turbine

Costs and coordination with turbine manufacturer

Costs and coordination with operator onsite and sofggeam
Compatibility of technology across turbine platforms and eras
Warranty risks and uncertainties

=4 =4 =4 4 -4 A4 -2 -

Summary of Technology Integran Issues:

1 Configuration with turbine, plant, and/or central Supervisory Control and Data
Acquisition (SCADA) systemsiiehh monitors wind plant status and performance as well
as collect data and issue commands to the turbines

1 Network, remote access, ammybersecurity
1 Signal types, pathways, and destinations in compatible language

1 Development of efficient human machine intaces (HMI}-e.g., override of
curtailment/release orders

9 Data storage, transfer, and bandwidth requirements
1 Remote access for retime and diagnostic interactions

Summary of Performance Reliability and limitations:
1 Effectiveness of reducing baselimepact risks
1 Lifespan of hardware and software

> American Wind Wildlife Institute (AWWI). 2018. AWWI White Paper: Integration of Wildlife Detection and
Deterrent Systems in Wind Power Plants. Washington, DC. Available at www.awwi.org. AWWI acknowledges
Siemens Gamesa Renewable Energy for contributing Kaj Skov Nielsen’s time to AWWI for this paper.
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Maintenance requirements and operational logistics

Service contract, warranty, and supmhain assurances
Maintenance, troubleshooting, and malfunctions
Durability—temperature, precipitation, icenoise, vibration, dirt
Collateral impactge.qg., noise/visual complaints)

= =4 4 A4 A

CONCLUSIONSAPPLICATIONS

A third element, performance reliabilityver time, also presents a challenge, given that studies
typically run for one to two years. We try to designdies to help us evaluate performance
reliability to the extent possible, and provide feedback to vendors and developers. Other
questions that tle Program tries to address include the challenges inherent in tresheting
systems in isolated and often hide environments, and comprehensive system cost analyses.

Just as we seek to synthesize and share the latest information on risk minimization
technologies, this presentation and the December 2@lldte Paperare part of our effort to
share with this community of stakeholders the importance of this work, which we twpe
enhance and expand going forward.
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Technologies for Reducing Impacts to Bats

Moderated by Christine Sutter, Natural Power

Testing Ultrasonic Acoustic Deterrents for Reducing Bat Fatalities at
Wind Turbines in South Texas

Presenter: Sara Weaver, Texas State University

[slide presentatioh

Authors: Sara Weaver, lvan Castfoellano, Thomas Simpsonexas State Univers)ty
Cris HeinBat Conservatiointernationa)

PROBLEM RESEARONEED

Wind energy development has long been known to directly impact bats by causing fatalities at
wind turbines. Ultrasonic acoustic deterrent technology, as a bat impact reduction strategy at
wind turbines, is in earlghases of resealt with few published field studies. In addition,

current and previous studies have been confined primarily to northeastern United States and
Canada, and have not been tested on the suite of species in south Texas, an area of high bat
diversity and increang wind energy development.

The inception of this project is a good example of multiple stakeholder collaboration. We
started with BCl and NRG Systems to develop an acoustic deterrent. Duke Energy agreed to
testing at a site in Starrd@nty (South Texassee slide #4) in an area of expanding wind
development. The project consists of 255 Vestas 2 MW turbines withna 98b height,
feathered t o t h-mmspeaa(BbMma)cTharerhasmot beercmuch research on
wind-wildlife interactions in ths location.

Objectives

Our objective was to assess effectiveness of a newly developed ultrasonic acoustic deterrent for
reducing bat fatalities at the Duke Energy wind facility in Starr County, Texas.

1. Can NRG Syst e m'vayretece matfalittes dtDuleflifeer cgtyi’ s wi nd
energy facility in south Texas?

2. In particular, how is it effective at reducisgeciesspecificfatalities?
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APPROACH

The NRG ultrasonic acoustic deterrenit consists of six suéirrays programmed to practe
continuous hip-frequency sound at predetermined frequencies from 20 to 50 kHz (slide #4).
The technology trials raduring late summer to fall of 2017 and 2018e randomly selected 16
turbines,andretrofitted them all with units We randomly assigrkeight turbines a controls

and eight turbines as treatments, with these assignments rotating nightly from 31 July through
30 October during both seasons.

After reassessing the original placement of the deterrents, we elected to reconfigure their
position on the naelle for the second year. Thirs2018 we installed five rather than six arrays
on the same 16 turbine®ased on behavioral studies, we had initially placed the deterrent
units on the leeward side of the nacelle, where activity is highe&018, wefocused

deterrents more on the danger zone, giving bats freedom to use the leeward area. (Slides #7
and 8 show the rerientation and reconfiguration of the units on the turbine nacelle from 2017
to 2018.)

We established carcasearch transectsandsearched all turbines daily within established
circular plots for bat carcassd®lots were cleared and maintained out to 100 m for the

duration of the project. The response variable was the total number of fresh bat carcasses per
turbine per night We assess@ effectiveness of deterrents with generalized linear mixed

models in R version 3.4.3.

HNDINGS

In 2017, we completed a total of 1,388 searches (697 for control turbines and 691 for treatment
turbines) and recovered a total of 434 bat carcassmaprisedof 7 different species. Of these,

303 were determined as fatalities occurring the previous night that could be assigned to a
treatment or control turbine and used in statistical analyses.

In 2018, we completed a total of 1,172 searches (584 dotrol turbines and 588 for treatment
turbines) and recovered a total of 325 bat carcasses comprisédeddpecies that could be
used in statistical analyses. Fewer searches in3eaare due primarily to weather events.

Looking at the combined rekts for both years (slide #12), we found:

1 Fatalities at control were twice as high as at the treatment turbines (n=628)

1 Deterrents had a significant effect on bat fataliti@s (0.6, SE= 0.147-4.1)
o p<0.001
0 There was a 3reduction in overall fatédies (9346C)

1 Configuration of the deterrent units did not result in a significant difference

Speciesspecific results were less conclusive. Of the three species we were able to assess, we
found an effect for Brazilian fremiled (54% reduction, 95% £1-67%) ad hoary bats (78%
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reduction, 95% CI 625%), but not for Northern yellow bats (26% increase, 95%9%21%
[slide #13]). We were unable to statistically assess the remaining species due to small sample
size.

CONCLUSIONSAPPLICATIONS

Our resuls suppot our prediction that deterrents would reduce bat fatalities. The overall effect

that we saw can be attributed to the fact that there are a high number of Braziliartdriesl at

the project site. It is possible that the deterrent was less effeector Northern yellow bats
because of a difference in cal/l frequencies,
sure. Likewise for Southern yellow bats. For some speties: tvere too few carcasses to

make inferences.

Results from 2017 and)28 are inal and indicate ultrasonic acoustic deterrents are a
promising strategy for reducing Brazilian freeéled and hoary bat fatalities in this region, over
andabovd eat hering at -imspeedif acturer’s cut

Overall, we have been hearing thate-roosting species incur the highest fatalities from

collision with wind turbines, but that may be because we just are not getting studies in areas
where there are a lot of Brazilian fréailed bats. Some further areas for analysis include sex
ratios and weather covariates, as well as further testing of various configurations in a controlled
setting. We also would like tacrease speciespecific effectiveness (particularly for Northern

and Southern yellow batsyVhile there is no onsize fits all seition, the more tools we have

for industry the better.

Questions & Discussion

Q: What other species might be negatively affected by frequencies used in your tests?

A: 1 am not certain if this question means the sound negatively affected approaching bats by
deterring them and thereby decreasing fatalities at turbines, or if it is referencing that we found
more northern yellow bats at treatments than controls as a riegeeffect. In either case, our
sample size was too small for other species to draw coiwlgs

Q: Do you think that moving the transducers to the rotor swept side of the turbine had an
effect on the hoary bat fatality increase the second year?

A: Basd on our statistics, placement did not significantly affect fatalities. Additionally, we

found more than twice as many hoary bats the second year, giving us a combined sample size
large enough for statistical analysighich we could not do in the first ge so it is difficult to

say anything regarding placement for this species. However, K this unrealistic to assume

100% reduction ithe firstyear, asbats may have been missed or scavenged. Regardless, |
think an overall reduction of 78% is venyoeuraging.

Q: Do hoary bats in the US and Canada move to or from Central and South AaRdfiso,
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A: Hoary bat are long distance migrants and do migrate into Mexico, but | am not aware of any
transcontnental movements for this species.

Not Asked during Session

Q: Does humidity have an effect on the lower frequency transduction?

A: At the time of the meeting wiead not had an opportunity to look at this for the combined

data, and plan to do so in thetire. However, we did assess for an interaction between

treatment and weather covariates in year 1. No such interaction existed, indicating weather
covariates, inluding humidity, did not significantly influence treatment effectiveness. In

addition, averge relative humidity in year 1 was 74%, and reductions were still significant

despite high relative humidity for the duration of the project. We also plan to asdesdute
humidity in the future, due to relative humid

Assessing Changes in Bat Activity in Response to an
Acoustic Deterrent — Implications for Decreasing Bat Fatalities
at Wind Energy Facilities

Presenter: Amanda Hale, Texas Christian University

[slide presentatioh

Authors: Cole Lindsey, Amanda Hale, Tory Bennkas Christian UnivergifKevin Kizie
(General Electric Company

PROBLEM RESEARONEED

Although wind power is a renewable energy res@wath many environmental benefits, there

are increasing concerns about negative impacts to bats. Across North America, large numbers
of tree bats, in particular, are killed by wind turbines on an annual basis and there is a pressing
need to develop effecte impact mitigation strategies. One emerging technological solution is

to deploy acoustic deterrents on wind turbines to disrupt bat echalion, thereby preventing

bats from entering the rotor swept zone. Although initial results from field tests terdent
technology have shown promise, much remains unknown about how effectively acoustic signals
deter bats from entering the rotor swept me, and how bat species may vary in their responses

to these acoustic signals over space and time.
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Objectives

Ths project builds on previous research by General Electric on an acoustic deterrent device,
and specifically seeks to:

1. improve our understandig of how bats respond to various ultrasonic stimuli;
2. test the efficacy of a redesigned GE deterrent system basatew findings.

APPROACH

We conducted ground tests of the GE acoustic deterrent at an operational wind fasibty
Ridge Wind)n north-central Texa®ver two field seasons. Pesbnstruction fatality monitoring
has been conducted at this site (200014), and six bat species are known to be present,
includingeastern red bats. Results from the ground tests would be used to inform the éeterr
redesign for further testing at another facility. Variables of particular interest were: location,
habitat type, acoustic signal type, distance from emitter, and bat behavior.

TheGE deterrent is an apowered device, reliable and robust, and easynaintain. The
acoustic signal is a broadband higaquency sound. The GE device sends a rdukictional
signal as contrasted with the directional signal sent by a typical transdoased system (slide
#7). The idea behind the technology is to interdewith bat echolocation so that bats avoid the
area. While initial tests had showed promise, the desired outc@r@duction in fatalities) was
not achieved, at least not for all species.

We used a pair of video cameras (night vision in 2015 and thermal in 2016) with overlapping
fields to observe bats, and also used a bat detector to record bat activity within thédcea

(slide #8)In 2015, we evaluated bat activity and behavior inpasse to continuous and pulsed
ultrasonic signals emitted from deterrent devices placed 10, 20, and 30 m from three paired
wind turbines and cattle ponds over 33 paired survey rigidm August 17 to September 28,
2015. In 2016 the surveys included a ni@di pulse signal and we evaluated bat activity and
behavior only at the cattle ponds, where we would see more bats. This testing took place over
81 pond nights from April 1 to Seshber 17, 2016, allowing us to look for seasonal variability

in response.

Testing was conducted in 4finute intervals, rotating among four treatments: three different
deterrent signalsqontinuous on, and a couple of different pulsing signhaisl one $ent

control. Because the current GE devicknsted by the number of aicompressors that can be
accommodated within a turbine tower, we wanted to see if a pulsing signal would work,
allowing deployment of more emitters from the same number of air caaporsEach test
interval was followed by 10 minutes with the deterrenf.dach signal was tested two times

per night at each of three locations: 10, 20, and 30 m from the paired wind turbines and cattle
ponds.

Video was reviewed and bat behaviors @azed: passing, foraging, reversal, pursuit (rare),
contact (with pondsa drink).

NWCC Wind Wildlife Research Meeting Xl Proceedings 105



HNDINGS

Bat activity was highly variableithin and betweersurvey nights in both years. We detected
from zero to 69 bats in our nightly video surveys, with more bateoled at ponds compared
to turbines. Bat activity was lower during the detent trials compared to the silent control
periods, although the difference was significantyin 2016.

We found no difference in bat activity between the continuous and glssoustic signals,
suggesting that pulsed signals may be as effectivediaing bat activity as continuous signals.
The deterrent was significantly more effective at 10 m than 30 m at the ponds (P = 0.083).
deterrent also changed bat flight behavjovith bats exhibiting significantly fewer complex
foraging flight paths ash significantly more simple straighte flight paths during deterrent
tests compared to control periods.

We identified a zone of low amplitude sound in the deterrent signal adot0 kHz, coinciding

with the fundamental echolocation range of easternl deats [asiurus boreal)s(See

spectrogram in slide #11, with black arrow indicating a higher amplitude tone above this

frequency range, at about 48 kHz.) In 2016, GE changeaaréissure in the manifold, shifting

the frequency and amplitude of the higimplitude tone so that it spanned 480 kHZslide

#14), with the goal of improving performance with eastern red bats. We have seen some

evidence that eastern red batkgsiurus baralig can shift echolocation call characteristics,
includingfundamental frequency, in response to sounds produced by an acoustic deterrent
(slide #17). What we don’t know is how much b
is something we neetb take into account in refining this deterrent technology.

With the 2016 data a larger sample size allowed us to show a consistent reduction in bat
activity with the acoustic signals, and again no significant difference in response to the
continuous vsthe pulsed signals. Looking at bat behavior in the videodidesee a greater
proportion of passing with the acoustic deterrent on, and a greater proportion of foraging
during the silent periods (slide #13).

CONCLUSIONSAPPLICATIONS

Overall, the resw$ from the ground test indicated that the GE acoustic detefrean reduce
bat activity and alter bat behavior.

1 The effectiveness of the deterrent was not influenced by signal type (continuous,
pulsing). For the GE device, this means that an increasetewaof emitters could
operate with pulsed signals for the samember of air compressors.

1 The reduction in effectiveness with distance that we observed continues to be a
challenge with current technology (i.e., emitters placed on the turbine nacelle or
monopole).

NWCC Wind Wildlife Research Meeting Xl Proceedings 106



1 The shift in the frequency of the higimplitude tonein the 2016 deterrent signals likely
provided more effective interference with eastern red baagiurus boreal)s
echolocation calls.

Acoustic deterrents show promise as an effective impatigation strategy and warrant
further development and testingn operational wind turbines. Of particular interest:

1 Determining the optimal number, placement, and orientation of deterrent emitters
along the turbine tower, nacelle, and possibly even thdite blades to ensure
adequate coverage of the rotor sweptre

1 The extent to which bats may be able to shift the frequency of their calls to avoid the
sound of the deterrent, and the possibility of generating an acoustic signal that covers a
broad frequancy range- particularly, for the bat community ofterest.

Questions & Discussion

Q: What level of mortality would result in populatiod S@St A YLI OGX FyR AT
adjust priorities?

A: Given mortality we see from turbines, followitinge precautionary principle ia good idea at

least inthe short-term. Smarter curtailment. Need to learn more about population sizes.

Q: We heard earlier about testing eagle reactions to various auditory stimuli. Have there been
comparable studies of bat audlogy to assess what acoustic frequencies elicie titrongest
neurological and behavioral responses?

A: It's a great i1idea, but we would have to
been done.

Q: If acoustic deterrents work by jamming or miisig echolocation of foraging bats, is there
reasonto think it also would work with norecholocating or norforaging bats?

A: We don’t know. -lind passestloough éhe deterrent zosd (anienalgy h t
dissuaded from foraging because of acousketerrent) could still leave animals at some ask
they pass through.

Q: Do you think there might be an opportunity to deter bats through some sort of constant

Al

Y2Rdzf A2y GKIFI{G 62dzf R FdzZNOHKSNJ O2YLX AOF&aS (KS

location frequencies?

A: Il t° s wor tidtestihg whdthierra gariable deterrentaignal might be more
effective; bats do shift their frequencies in a cluttered acoustic environment.

Not Asked during Session

Q: In 2016, you had significantly lowebat activity in spring and fall. At whatlistance? 10 m?
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30 m? 45 m?

A: In 2016, overall bat activity was lower in the summer than in spring and fall over all distances
combined (1630m; Slide #12). Higher activity in spring and fall is likely due tri@arigratory
activity.

Q: Did you accounfor the amount of ambient light during your trials to check whether
deterrent was more effective on darker nights?

A: We didn’t directly meas uheeercentageloinoom evel s,
illumination and found no relationship with variah in bat activity.

The Potential Population-level Benefit of Turbine Fatality Reduction
Measures for Hoary Bats

Presenter: Nicholas Friedenberg, Applied Biomathematics

[slide presentatioh

Authors: Nicholas Friedenbergh\pplied BiomathematigsWinifred FrickBat Conservation
Internationa)

PROBLEM RESEARONEED

Hoary batslasiurus cinereyswith their bioad and welmixed North American distribution, are
an umbrella species for studying the interaction of bats with wind turbines. Large numbers of
hoary bat fatalities occur at wind energy facilities in the United States gxamy A previous
modeling stug suggested that the level of fatality from wind turbine collisions in 2014 may be
sufficient to imperil the hoary bat population, particularly if the population was initially small
(e.g., less than about 3 million bats). '¢Harge uncertainties exist its parameters, including
vital rates, population size, and the actual level of fatality, the model can serve as a tool for
exploring additional aspects of bat management and wind development.

Objectives

The goal of this mdeling exercise is to extentd original investigation tomclude projected
increases in landbased wind energy capacity and use Monte Carlo simulations to find what
level of fatality reduction (per MW) would be necessary to reduce or eliminate thefrtskary
bat decline or extingon.
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APPROACH

In the original (Frick et al. 2017) model, a population starting at less than three million
individuals would have to have a population growth rate greater than one to sustain itself over
a 100year period, @yen 2014 levels of installecdpacity and no reduction in wind energy

related mortality. An expert elicitation for opinions of low, likely and high estimates of hoary
bat population size revealed high uncertainty, spanning four orders of magnitude fr@aaL0

to 100 million hoary bat<siven previous estimates of annuakw fatalities in the range of

about 75,000 to 15@00, it is likely there are substantially more than 100,000 hoary bats; for

purposes of this modelling exercise, we focused onehep er t s’ “most lei kely”

of one to ten million and took it to represent the state of the population in 2012

We extended Frick et al .’ s model based on

2012 to 2018, along with optimistic gections of wind builebutto 20501 f , as i n Fr i

model, we assume mortality is proportional to installed capacity, we will eventually run into the
problem of there being enough capacity to kill more than 100% of the population in a single
year.

A similar (but probably more reatic) approach is to assume fatalities per small unit of time are
proportional to capacity, but annual fatality is the integral of this continuous process. (This is
similar to prey death in AlicholsonBailey population model.) The wind mortality rate
(proportion of population killed) never reaches 2@0in our model, a population of 1 million
hoary bats is expected to experience?dwind mortality in 2012 and £%in 2050. A population

of 10 mllion of would experience 5%annual mortality in 2050.

We ake assuming simple exponential growth, with no compensatory increase in growth rate at
low population size. The only complication we add is some stochasticity. The growth rate and
wind mortality vary independently. Altering the variability of these two steithin reason,

makes little difference to our results. If wind mortality is greater than the amount by which the
population can increase each year, the population will decline. Factotlis tioé model

include: learning, local depletion, habitat prefee, and migration routes.

We then introduce into the model the adoption of a technology or strategy that would reduce
the hoary bat fatality rate per MW of installed capacity beginning wetv construction in

2020, and reaching full adoption at all wifattilities by 2029. This schedule of adoption is used
to modify the projected future wind mortality through 2050. We score the impact of wind
mortality, and the benefit of mitigation, by measng the probability of a S&decline in the
population as welas the probability of extinction. We compare outcomes given different
starting population sizes and different levels of mortality rate reduction. Our baseline model
assumes hoary bat abundes has no trend in the absence of wind mortality, but we also
examine cases of increasing or decreasing trends.

HNDINGS

Given the optimistic wind energy capacity buildt and no fatality reduction measures, the

NWCC Wind Wildlife Research Meeting Xl Proceedings 109

ns

c k



model shows a 10@probability of a 5@6decline by 2050n populations of 1 or 2.25 million

hoary bats, ad a 9Po6probability of decline in a population of 10 million. The bigger the

current actual population size, the slower the decline and the more opportunity to mitigate the
populatiortlevel inpact. For example, the median year of decline is unchange®Yodatality
reduction in populations of dr 2.25 million but is delayed ningars in a population of 10

million. Extinction is delayeeightyears in a population of 1 million and beyondb2dn a
population of 2.25 million. The largest abundance westigated, 10 milliophas no risk of
extinction even without fatality reduction.

The model shows us how much fatality reduction we need, depending on the current
population size and growthate, to bring the probability of extinction by 2050 to less tliaa

So for example, if abundance is 2.25 million bats, and there is no inherent population trend,
then a 226reduction in fatalities brings the probability of extinction by 2050 to undér 1
Given the same starting population size and an inherent trersfofinnual decline in
abundance (from factors other than wind), %7atality reduction is needed to manage
extinction risk; whereas with an increasing trend of 5% per year, no fatality redustneeded.

CONCLUSIONSAPPLICATIONS

Comparison of resultwith reductions in fatality that appear possible using existing and
emerging approaches, including seasonal and smart curtailment as well as deterrence
measures, will improve our understandiof the potential to protect the longerm viability of
the hoay bat population and provide decision support in the absence of complete biological
knowledge.

More research is needed, but the clock may be ticking. Efforts are underway to learn more
aboutabundance, but we need to think carefully about whatwerealg e d t o know. We
need a strong central estimate of population size, but we do need a reasooa#e bound

Models like this one give us benchmarks; if we know there are at least &naumillion hoary

bats, we have some assurance we canavoidexc t i on by 2050. Li kewi se,
to get a handle on minimum baseline population levels and to reduce the mortality rate as we

build out than it is to focus on demography.

Underganding how fatalities scale with bu#olt is important; we wanto consider regional
factors and surrounding habitat, and also whether the appropriate scalar unit for-builc
MW or turbines or the land area of wind farms. In any case, it clearlgapppossible that the
hoary bat population is already declinimgresponse to wind turbine fatalities, suggesting
mitigation efforts should be expanded as soon as possible.

Questions & Discussion

Q: Are your models based on females only? Did yomsider sex ratio in the model based on
possible sex ratio in collish mortality?
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A: Our model includes both sexes and assumes collision mortality is random with respect to sex.

A male bias in fatalities has been observed at some,stiesigh the talkon sex identification
today indicates some potential bias toward maileshose numbers. Were we to make the
model femaleonly and incorporate disproportionate male fatality, then collision mortality
would decrease somewhat from where we are currently isgtit. | suspect that the difference
in results would bergall and trat there would be n@hange in the qualitative message that
understanding hoary bat population size is key to assessing the risk posed by wind energy
development.

Q: What level ofmortality would result in populationf S@St A YLI OG> IwR AT
adjust priorities?

A: Unfortunately, we cannot answer that question with any certainty. We don't know, for
instance, whether the hoary bat population has any capacity for congiensgrowth, as

might occur if reproduction or survival are currently stggsed by crowding. However, we can
generate a conservative answer by assuming, as we have in our model, that the population is
currently neither growing nor declining in the lorgrm. Births and deaths, on average, balance
each other out. Under this assiption, random annual environmental variation alone can

cause the population to trend upward or downward.

That is to say, the model parameters are balanced on a knife's edgexicima the model's
sensitivity to both impacts and mitigatioAnyadditional mortality in our model causes the
expected population size to decrease over time. Any other assumption would, in the absence of
supporting evidence, be merely wishful thinking. Auffer our results somewhat, we look at

the risk of declines that were jpnobable in the absence of wind mortality. However, even with
that view, | cannot give a clear answer to this question because it depends fundamentally on
the size of the populationwhich we do not currently know.

Not Asked during Session

Q: The extincton scenarios you present coincide with recent IPCC risk timelines. Do you have a
sense for how hoary bat populations may respond to climate change impacts?

A: This is a verypteresting question. At a course level, it seems likely that changes in
precipitation patterns, habitat availability, and the abundance and phenology of flying insects
may all result from changes in climate this century and would directly affect hoary bat
populations. | am particularly interested in the impact of insect prey avatiglak it combines
guestions about climate change with the impact of lasgale patterns of land use and
management.

Q: Given the Baerwald 2013 paper, why even include e (10,000) population estimate
from the expert elicitation?

A: | showed a figerdepicting the full range of expert opinions about the total abundance of
hoary bats in the U.S. and Canada. That figure included values the experts considered low and
high & well as "most likely". The lowest of the low estimates (10,000) falls belovatige of
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annual fatalities estimated in Arnett and Baerwald (2013). Our modeling was restricted to the
range of "most likely" estimates, which wag.Q million.

Using Thermal Videography to Compare Bat Activity and Behavior at
Turbines Equipped with Ultrasonic Acoustic Deterrents

Presenter: Michael Schirmacher, Bat Conservation International

Authors: Michael Schirmacher, Cris HeBa{ Conservatiomternationa); Manuela HusoUS
Geological Survéy

This information is preliminary and is sulbjecrevision. It is being provided to meet the need

for timely best science. The information is provided on the condition that neither the U.S.
Geological Survey nor the U.S. Government shall be held liable for any damages resulting from
the authorized ounauthorized use of the information.

PROBLEM RESEARONEED

Wind turbinecaused bat fatalities are estimated in the hundreds of thousandygar (US and

Canada). The majority of fatalities are migratory treesting bats, though in some areas

fatalities are dominated by Brazilian frégiled bats. To date, the only scientifically proven

strategy for reducing these impacts is curtailment: fesing turbine blades below a cir

speed of 5 m/s for example. “ Smaictidtnlossaneint ai | me
different phases of development or testing. Howeveaveg the current estimated impact of

wind turbines on bats, the rapid pansion of wind energy development, and the loss of power
production resulting from operational minimizatiomj$ important to investigate alternative

impact reduction strategies, including ultrasonic acoustic deterrents (UADS).

Objectives

In 2015, thel.S. Department of Energy funded five research projects to assess the
effectiveness of deterrent technologids. one of these projects, Bat Conservation International
(BCI) used fatality surveys and 3D thermal videography to assess the effectivenAss &iou
comparison, we also tested curtailment and a combination of curtailment and UAD treatments.
In additionto evaluating the potential reduction in fatality from deterrents, our objective was

to determine ifthree-dimensional (3Djhermal videographyould enhance our understanding

of how bats interact with wind turbines, and provide useful information on bewst to place

and orient UADs to maximize their effectiveness.
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APPROACH

From June 14 through October 3, 2017, at the Blue Creek Wind Energy Fa€ihio, we
comparedtreatments

1 Control (Cuiin speed 3.5 m/s)

1 Ultrasonic Acoustic Deterrents (UAD)
1 Curtalment (5 m/s)

1 Curtailment + UAD

Turbines with UAD treatment were fitted with four deterrent units on top of the nacelle, and
two on the bottom

Testing minimization strategies is extremely costly, and fatality surveys alone provide limited
informationon why a strategy is or is not effective. (For example, looking at fatality data alone,
the combination of curtailment and UAD was effectiveeatucing fatalities for silvenaired

and lowfrequency bats, but the UAD treatment by itself had a negatiyeaith- increasing
fatalities—for Eastern red bats.) To supplement the fatality data, we recorded 3D thermal video
at four turbines (Pair on twturbines at a time) to enhance our understanding of how bats
interact with wind turbines and to glean insiglabout the optimal placement and orientation

of UADs.

We used multiple synced thermal video cameras to provide multiple views of the targdts, a
used newly developed BatVis 3D software to filter and summarize the video data in three
dimensions (X, Y, drZ meters relative to turbine hub), and export raw data of the active tracks
(Fig. 1). An example of the metrics captured for a single bat,twith Y and Z dimensions

shown in Fig. 2.
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Figurel. BatVis3D software summarizasddeo data in three dimensions, and exports raw data of active tracks.
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Figure2. Example of the metrics captured for a single bat track.

HNDINGS

Preliminary results provide insight on improving the peniance of UADs for fute studies.

Over 17 nights at one turbine we had a total of 169 bat tracks. On the nine control nights, we
recorded a total of 82 bat tracks, and on the eight UAD nights, we recorded a total of 87 bat
tracks. We compared control \JAD bat tracks by turbe operation status, which correlated
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with wind speed. During times when the turbines were off (wind speed < 3.5 m/s), there were
21 bat tracks around the turbine with no treatment, and 17 bat tracks around the same turbine
with the UAD. During times whethe turbines were on (wind speed > 3.5 m/s), there were 61
bat tracks under control conditions and 70 bat tracks with UAD.

Under control conditions with the turbine off, individual bat tracks were longer, and more bats
crossed theotor-swept zone (RSZh)dn with the acoustic deterrent operating.

When the turbine was on, bat tracks were similar for control vs. UAD nights, and more tracks
crossed the RSZ under UAD treatments, but this was not significantly different from corgrol. W
also looked at the prportion of time bats spent within 5 m of the RSZ as an indicator of risk. On
UAD nights a significantly higher proportion of time was spent within 5 m of the RSZ, compared
to control nights. Of the bat tracks that crossed the RS@nthe turbine was opetang, most

of them originated windward of the RSZ, and this was similar for UAD and control nights.

CONCLUSIONSAPPLICATIONS

Thermal video results did enhance our understandingootrol vs. UAD, though our current
understandiry is limited by small saple size (169 tracks from only one turbine).

These preliminary results suggebiat some of the issues could be related to placement and
orientation of UAD rather than effectives of the device. We will determinieei$¢ resultare
representativeoncewe add data from the other turbines.

Our BatVis 3D software was effective in providing supplement information on the effectiveness
of UAD but likely has other applications. Thermal videography provides specific timing of bat
and wind turbine interactionswhichcan allow us to determine conditions correlated with bat
fatalitiesand may be useful in enhancing existing impact reduction strategies (e.g., operational
minimization) or possibly developing new strategies.

Next Steps:
1 Process remaining video @eand verify that relationships are representative.
Publish results and BatVis 3D software code.

1
1 Improve functionality of code.
1

Test feasibility of technology software for other applications, such as modelihime
risk to inform minimization, quantfing speciespecific behavior, and offshore wind
applications.

Questions & Discussion

Q: It appears that most bats were clustering around the tower and nacelle; is that
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phenomenon unique to your study, ol it been observed in other studies?

A: Someof this could be sampling bias, as our cameras field of view was concentrated on the
nacelle, where the deterrents were mounted. We hope to use this technology to better
understand how bats approach turbinescdaifithere are areas with higher bat use. Such
information would be valuable to determine areas of highest risk, which could help inform UAD
placement, but might also help us understand factors related to the potential attraction of bats
to turbines.

Q: For the single turbine with videography, wereéhere were fewer fatalities when the turbine
was operating under UAD treatment?

A: | do not recall.

Q: How can people access the BatVis 3D software?

A: The plan is to publish it and make it available to thel pubc . l't’s currently
requires dicense, but we are looking into the potential of converting to opensource.

Q: What species were present at your site?

A: Testing deterrents impacts our ability to record calls, limiting our ability to ifyesgecies.
The majority of the fatalities we eastern red bats, hoary bats, and sikxired bats.
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A Comprehensive Approach to Evaluating & Mitigating Risk:
the MidAmerican Energy HCP

Moderated by Jenny Mclvor, Berkshire Hathaway Energy

This panel presented different aspects of the depehent and implementation of a single
Habitat Conservation Plan proje@&lide references are to a singlewerpoint presentation

The MidAmerican Energy Multi-Project, Multi-Species Wind HCP:
A Collaborative, Data-Driven Approach
to Habitat Conservation Planning under ESA

Presenter: Jenny Mclvor, Berkshire Hathaway Energy

Authors: Jenny MclvorBerkshire Hathaway EnerfgyAmber SchordJS Fish & Wildlif§ervicég

PROBLEM RESEARONEED

MidAmerican Energy began building wind energy in lowa in 2004. From 2004 to 2009, the first

four projects were built in lowa, to the east and north of the Indiana bat range. There had been

no bald eagle observations inwa at that time, and so Endanger&gpecies Act (ESA) and

National Environmental Protection Act (NEPA) review were not required. From 2010 to 2013,
additional projects were built in counties at the eastern and northern edges of Indiana bat

range, and theravere beginning to be sitings of lobéagles during the winter months along the

|l owa “coast s (Mi ssissippi and Mi ssour-i River
eared bat, the wildlife risk profiyWwmrdenretgyanged
portfolio was in therange of a protected species.

Objectives

Rather than tackle permitting on a projely-project basis, we decided to take a
comprehensive approach to a conservation plan.
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APPROACH

We partnered with the US Fish & WitdIService (USFWS) and the lowad@anent of Natural
Resources (DNR) to study impacts across the MidAmerican fleet. Research included post
construction monitoring for bats and for large and small birds as well as eagle use studies at
project sites and rerence areas; we agreed to maketaavailable to the public and to use

that data to inform the development of a habitat conservation plan (HCP). We agreed to do one
NEPA process covering all 22 wind projects that would be operational as efne@a016.

Col l ecti vely -lkOntlesemprojects includd 21020 tubines and approximately

4,050 megawatts (MW) of capacity. (A second HCP is anticipated for the next phase of projects,
Wind 11 and Wind 12.)

We executed Memorandum of Understanding documseat the outset of HCP developnten
facilitate collaborative planning and open communication between parties. There were a few
unique aspects to this collaboration. For example, we knew there was a risk of finding covered
species. With a Section 6 h&diiconservation planning grant, weere able to use Section 7
consultation to obtain incidental take coverage for three years that protected us while we
developed the HCP. This was a novel approach from the USFWS.

The plan area covers the entire statelowa. (Slide #7teal areas on rap are project areas.)
Covered species include Indiana badrthern longeared bat, little brown bat, trcolored bat

and bald eagles (slide #8 shows requested permit authorizations). Implementation take for bats
is themean or most likely scenario, authorized take is slightly higher (90% confidence interval
for bats, 80% for eagles). We did not request an implementation take levebidreagles, only

an authorized take level.

HNDINGS
Key minimization and conservati@omponents of our HCP are as follows:

1 For bats, we will feather all turbines below manufact@rér -ircspeeds for all wind
farms March 18Nov 1. For the four highest risk profile projects, we will feather all
turbines at wind speeds below 5.0 m/swhembh i ent t emper atures are
from July 15 through September 30.

1 For eagles, we will renve carcasses and conduct landowner education programs.

MidAmerican will fund two mitigation accounts:
1 $4.4m bat conservation fund, corresponding to the Impletagon Take level
1 $1.6m eagle conservation fund

Mitigation projects will be selecteannually by a steering committee consisting of

MidAmerican, a mitigation entity, lowa DNR, and USFWS, with final approval by MidAmerican
and USFWS. The bat mitigatiomduwill be adaptively managed between Implementation and
Authorized Take levels; mitigan true-ups may take place in years 15 and/or 25, or sooner if
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triggered by adaptive management. These decisions and other actions will take place at
decision meetingscheduled every five years, so that we are not making decisions based on a
single yeaof data.

Questions and Answers / Discussion

Q: Given that golden eagles are not included as a covered species in the HCP, what happens if
a golden eagle is taken atree of the facilities?

A: We recognize that there is the potential for them to occuioina, even though we have not
seen any at our projects. Ther e—thatss,wecgmadadvi si o
golden eagles as a covered species ifrared in the future.

Q: How many bald eagle fatalities were found incidentally, nat surveys?

A: Overall number included in the HCP study was eight.

Q: Why did you decide to pursue eagle take within the ESA framework?

A: | wanted to do NEPA only ond&k thought there would be efficiencies in combining

permitting efforts across facilgs, and we had seen changes in activity and risk over the past
10-15 years. Our feeling was that the risk was fairly ubiquitous across the state, and we wanted
to coverall five species (four bat species and bald eagles) within one permit.

Q: How much tine do you have once the incidental take permit is approved until the first set
2T YAOGAIFLGA2Y LINRP2SO0G&a INB Ay LI OSK kel AG AY
take?

A (Quintana): Yes. The first set of mitigation projects are due to be ctedplathin one year.
Will then check in at five year intervals to see how mitigation aligns with actual take.

A (Jenny): MidAmerican will deliver a total of 1,309 aonew ten years, and that is funded-up
front.

Q: Regarding eagles, were pgrear estimates pooled for the full project area, or per project
or per MW?

A: The estimates were pooled across all facilities. We actually did this for eagles and for each of

the four bat species, producing one number for each of the covered species that | | need t
manage. That is an advantage for us with the various operating projects covered by the permit.

All of the data and the technical reports are publicly availableheniSFWS website.
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From Concept to Action: Filling in Essential Live-Bat Data Gaps to
Support the Development of the MidAmerican HCP

Presenter: Amber Schorg, United States Fish & Wildlife Service (USFWS)

Authors: Kelly Poolelowa Department of Natral Resource Amber SchordJ)S Fish &Vildlife
Service

PROBLEMRESEARCNEED

As of 2015, most of the available data on bat locations were limadte southeastern corner

ofl owa, whereas most of Mi dAmeri camheededto nd pr o
gather data where turbines actually were. Toewa Depart ment of Natur al
approach involved an innovative use of an Endangered Species Act Section 6 planning

assistance grant that helped make this collaboration work. The U8 FMéldlife Service

(USFWS) worked to understand the coastts and interests of MidAmerican Energy so that we

could provide technical support for the development of the conservation measures in the

habitat conservation plan (HCP).

The USFWS committed three core principles:

1. Partnership approach unlike compomise, which involves a series of tradffs, we
identified mutual goals that parties shared: reducing impacts to listed species;
generating renewable energy.

2. Data driven decisionswhere data gps existed, we worked together to design studies
to gatherthe most important information, creating an atmosphere of collaborative
problemsolving.

3. Take alandscaplevel perspective-the planning process had to be appropriate to a
state- rather than progect-level scale.

Objectives

The goal of the Section 6 planning assistance grant wesrtduct baseline studies that would
enable us to develop conservation measures commensurate with relative risk and impact fo
focal species, including therthern long-eared bat.In particular, weneeded to know where
long-eared bats are in both summer and winter and how they used the landscape during
migration.

APPROACH
Part A: Identify occupied summer bat habitat across the permit area (the entire state of lowa)

through bat surveysAnabat SD2nits were deployed by lowa State University and lowa
Minnesota Conservation Corps staff at a stratified random selection of sites on public lands (for
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access reasons): two sites for each of 60 counties, with two nights afast@dined acoustic
surveydatd r om two detectors at each site. Detecto
habitat” accordi ng tMap (8ideR195shoivs al bf the dtldycsitee. Mo d e |

Part B: Discover and map occupied and potential hibezui through acoustics and aiee
surveys.Second piece of puzzle was to figure out where they were hibernating. There are not
many caves in | owa; most are on the east “coa
that hibernacula would be found mock outcrops along NWo SEflowing rivers in the state

(slide #21). We surveyed potential hibernacula early in the spring and late into the fall of 2016,

2017, and 2018 (slide #22) to identify the beginning and end of active bat season in lowa and

the logical beginning and endpoinfisr migration studies. To further confirm whether these

hibernacula were being used through the winter, we looked at rock faces to see where bats are
going in and used Working Dogs for Conservation to help us discover whewktcloser.

We also wantedo model what hibernacula might look like to guide mitigation. Over 45 days
from mid-September through the end of October, we used a combination of acoustic, video,
and thermal detectors at four sites determined by DNR (twemacula locations per sit¢)
analyze what makes for optimal hibernation habitat. This information has been put together to
guide further surveys, start to define characteristicsrforthern longeared bat hibernacula in
lowa and target conservatiomjtigation) efforts.

Part C: @termine timing, trajectory, and landscape use of fall migrating bats through
telemetry. The third piece of the puzzle was figuring out the migration piece. Where are the
corridors, and what does that show us about where i$sén the landscape? We put toan

array of passive transmitter detectors across SW lowa and taggedern longeared bats and

a few little brown bats in a core maternity area. Transmitters were not available in 2017, so we
shifted to aerial tracking at@ watersheds, where we fourgimilar movement.

Part D: Fleetwide fatality monitoring —see next part of presentation

HNDINGS

The lowa DNR, USFWS, and MEC now have a good understanding of how bat resources are
distributedacross the state, including areas of relative importancensthern longeared
bats.

1 Summer distribution is uneven, focused in the nectémtral, midcentrd and southwest
parts of the state (slide #20).

1 Over 25 points of interest were surveyed fobéinacula, and over 10 new bat
hibernacula confirmed. We found thaandstone and limestoneutcrops of all sizes
were used, thanhorthern longeared bats areikely to hibernate diffusely, and that slope
and rocktype are important predictors of potentidibernacula.
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1 Northern longeared bats make migratory movements throughout September, including
back and forth and single direction movements. River corridodsforested habitat
were primarily used for travel and foraging, but some time was spentayen lands.

CONCLUSIONSAPPLICATIONS

These data are being used to guide us in selecting focus areas for migration studies and
mitigation measures, includinghich projects to curtail for listed species, and will be useful
when it comes to choosing argdor mitigation lands.

Next steps are to: vet acoustic data, refine the hibernacula model, and produce an exposure
model (risk mapping for the state of lowa).

Questions and Answers / Discussion

Q: How are dogs trained to find live bats?

A: Dogs are triaed primarily on scent swabs that are hidden in various configurations. Swabs
were taken fromMyotisbats during annual surveys that were already being done.

Q: Boomerang effect; is it possible that this type of behavior could be a resze to
traumatic experience of capture animal flees capture site, then returns?

A We don’t know. We did see it sever al ti me
currently.

Q: What is FWS response to priors developed by MidAmerican?

A: For thiHCP, we wantat use the best available science, and our office believes that this is
the best available for this fleet of projects.

Q: Any advice on how to start slow to go fagtexamples or lessons for other HCPs?

A: This was too big a project uess at. It was mually beneficial to USFWS and MidAmerican
to take the time up front to get the data to inform the HCP. Also, as a regulated utility,
MidAmerican needs to meet not only the permit issuance criteria, but also has to demonstrate
to economc regulators that tle associated costs can be recovered from rates. Again, it was
very important to take the time to get it right.

Q: When do you anticipate having the exposure model completed, and do you plan to provide
this publicly as GIS data?

A: Eveything produced asant of Sec. 6 grant is public, and will be made public. We intend that
the grant will be completed within next couple of years.
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Making the Best Available Science Better: Pre-Permit Fatality
Monitoring to Improve Impact Prediction and Develop a Tailored
Conservation Program for the MidAmerican HCP

Presenters:
Jesse Leckband (MidAmerican Energy) & Quintana Hayden (WEST, In§.

Authors: Jesse Leckban{dAmerican Energy Quintana Hayden/Nestern EcoSystems
Technology, Int.

PROBLEM RESEARONEED

Duing planning, MidAmerican and the US Fish and Wildlife Service (USFWS) determined that
the habitat conservation plarHCP) would cover 22 facilities across the state of lowa, some of
which were already operatg, but none of which had standardized pashstruction mortality

data available. Planning requirbaseline data- either surrogate data from other wind facilities

to predict impacts and develop the conservation plan, or-sgiecific data collected ahée

covered facilities to support development a tailoredHCP. The latter option was recognized to
provide MidAmerican and the USFWS with greater certainty in the resultinggianve came

to a pint agreement and commitment to invest in the data cdilec effort and develop a

tailored plan

Obgctives

Conduct sitespecific preincidental take permit (ITP) fatality monitoring to support
development of a tailored HCP.

APPROACH

From December 2014 through March 2018 searches were conducted of all turbines at all 21
MidAmerican wind energy faciks. Roadnd pad searches were conducted at the majority of
turbines, and cleared plots were searched at 20% of the turbines at a subset of the facilities, for
a total of 186,311 searches.

HNDINGS
A total of 4,900 carcasses (1,114 birds and 3,786 hags) found, including one Indiana bat
(Myotissodalis covered by the incidental take statem

Opinion), and no northern longared bats iyotis septentrionalis Monitoring results provided
four key points of informatio for the HCP:

1. Patterns in atbat mortality across the fleet seasonal patterns, variation by facility,
annual patterns
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2. Estimated take of (and hence impact to) the covered bat species
3. Variability in take of the covered bat species across facilitiessaro$s years

Information on the bias factors (such as searcher efficiency and carcass persistence
rates) influencing monitoring outcomes

The fact that no northern lonrgared bat fatalities were found during these monitoring surveys
helped inform our undestanding of the impacts occurring, but did not necessarily indicate that
the take estimate should be zero. To evaluate the occurrence of rare events, such as take of
covered bat species for an HCP, we use a sophisticated statistical tool, Evidence oéAbsen
(Eo0A).

As with any statistical estimator, the quality of results depends on the quality of the
assumptions and inputs used. Il n this case, we
using the fatality data collected at the 22 facilities to inform thedel. We developed take

estimates for each of the covered bat species based on the fatality data, and used these take
estimates to inform the EoA prior. The informed prior enabled the EoA model to yield estimates

of biologically reasonable take levelsea when counts are zero. By informing the model with

a dataset specific to the projects covered under the HCP, and providing multiple years of data

to capture interannual variation, MidAmerican thus greatly reduced the uncertainty in the

expected take othe covered species under the HCP. The informed EoA model will also be used

to estimate take of covered bat species durin
with the I ncidental Take Permit (1 TPontakeMi d Ame
predictions calculated directly from data collected at the covered projects.

The seasonality of bat fatality at the covered projects was assessed based on the timing of bat
carcasses found at the projects between thefadlility minimization dags of March 1 and
November 15. Slides #44 and 45 show a peak in bottaaltarcasses (in blue) and covered
species carcasses (twlored bats in green and little brown bats in yellow) between the higher
take minimization dates of July 15 and Septemb&(r8d dashed lines), for both 2015 and

2016.

CONCLUSIONSAPPLICATIONS

The greater level of certainty in the expected impacts enabled MidAmerican to tailor its
conservation program for the HCP. This included a minimization plan designed specifically for
the varying levels of take across the covered facilities:

1. The determination of relative expected take at the projects was made based on the
observed covered species fatalities (higher weight) and the observédtathortality
rates (lower weight)

2. The HCHhcludes a higher level of impact minimization for facilities with higher
expected take, and lower level of minimization for those with lower expected take.
(Standard minimization measures will be implemented at all 22 facilities.)
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3. The seasonal dates di¢ minimization measures were based on the timing of the all
bat carcasses and covered species carcasses found at the facilities.

Beyond take predictions and the minimization measures;IpRedata also informed the

Mi dAmeri can HCP’ s heapplicatioo of the@igfornped Bod medehto anklyze
monitoring data and the p+TP data collected on bias factors such as searcher efficiency and
carcass persistence assures a high level of confidence in the robust performance of the
monitoring program. fiis high level of confidence in the monitoring enabled MidAmerican and
the USFWS to develop a mitigation structure that adapts the level of mitigation implemented
under the HCP to the impacts that are actually occurring under the plan. MidAmerican will
initially provide mitigation for the Implementation Level of take under the H@Rt is, the
amount of take expected actually to occur based on thelpie data. If necessary, based on
monitoring results, MidAmerican will increase the level of mitigatioriaufhe Authorized Level

of take for the HCR that is, the amount of take requested to be authorized in the ITP, which is
a conservative estimate of the take that could occur, based on the variance measured in the
pre-ITP data.

The use of sitspecificét a t o I mprove the “best availabl e s
devel opment of a tailored rather than a gener
HCP. This approach to conservation planning requires flexibility from the USFWS, first to allow
pre-ITP data collection and then to consider and work with the applicant to develop a tailored

plan. Collaboration with USFWS on $f® data collection can be valuable for HCPs of any

scale, given a couple of considerations:

1 Early coordination with the Seré@cegarding study design and objectives helps to
ensure that the data are wetkeceived by the agency.

1 Establishment of the process for collecting, analyzing, and managing based on-the pre
ITP data, before implementation of the study, helps to ensimesitent expectations
for application of the study results between the applicant and the Service.

This approach aligns with the HCP -thatis,dbook’ s
may require additional time upfront, but can reduce reviemé¢ onthe back end of the process
because of the greater certainty in the plan. The relationdhippding required to enable

collection of prelTP data, and the support that investment in §Td> data provides to a

collaborative relationship can also coibute to a faster process. Moreover, the benefits and
requirements of this approach are not scalependent; they are just as applicable to a single

project HCP as to a flegtide plan.

Questions and Answers / Discussion

Q: What is the manufacturer cutn speed? Does it vary among sites? What is the decision
framework to recommence normal operations following curtailment?
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A (Jesse): Cim speeds do vary GE, Siemens, etefrom 3 to 4 m/s. Return to operations
following curtailment is based on whatt&ity monitoring tells us about average wind speed,
which is determined on basis of a temnute average; also temperature is a factor.

Q: What are Wind 11 & 12? Are they covered by this plan?

A (Jesse): No, this HCP only covers projects that were imeasid operation as of the end of
2016. Wind XI will be a 50% increase over current fleet. Wind XII, is a proposed additional 591
MW, mostly Vesta 2.0s. Wind Xl was contemplated as build out in phase 3 of the section 6
grant.

Q: How much time do you havencethe incidental take permit is approved until the first set
2T YAOGAILGA2Y LINRP2SOG& IINB Ay LI OSK La A
take?

A (Quintana): Yes. The first set of mitigation projects are due to be completed withiyean
We will then check in at five year intervals to see how mitigation aligns with actual take.

A (Jenny): The mitigation program will deliver a total of 1,309 acres.

Q: Any advice on how to start slow to go fagtexamples or lessons for other HCPs?

A (Quntana): The main thing is to start the process intentionally, collaborating on mutual
expectations before getting too far into specific details. This might be best example of taking
time upfront to get data that can inform HCP. | have also seezaat me other example that
was on a smaller (singf@oject) HCP. A lot of this preliminary communication can be handled
through memos and white papers prior to starting work on an actual plan.

Not Asked during Session

Q: If you find one Indiana Baand zero Mrthern Longeared bats, what kind of information
can possibly inform you of what correlates with take of your protected species?

A (Quintana): We were not looking for factors correlated with take of Indiana bats or northern
long-eared bats forhis HCP. @ take predictions for all of the covered bat species were based
on estimates produced by the informed EoA model using thesgiezific data as inputs.
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Predicting Take of Bald Eagles at Wind Energy Facilities in lowa Using
Site and Species-Specific Data

Presenter: Todd Mattson, WEST, Inc.

Author: Todd Mattson \\Vestern EcoSystems Technology) Inc.

PROBLEM RESEARONEED

What we know about the risk to bald eagles at wind farms is largely driven by data on golden
eagles: 93% of eagle fatalitiaswind farms have been golden eagles, only 7% have been bald
eagles, which have a much broader distribution and may be less ableeo collisions. On the
other hand, it is possible bald eagles are less likely to be discovered incidentally (i.eg obitsid
standardized postonstruction monitoring).

Objectives

Wildlife studies at Mi dAmerican’s wind facild@
these questions on bald eagle risk.

APPROACH

Eagle use and fatality monitoring studies were conddat 18 wind facilities in lowa (slide
#53). Eagle Use stediran 16 months (20146), using fixed poirtount locations.

Eagle fatality monitoring was completed (December 20Wéarch 2017) at 18 wind facilities,

with each facility monitored overaglast t wo “ hi gh usMafchh,seasons (N
Monitoring included a visual scan approach from the base of the turbine in cardinal directions

and standardized carcass searches using transects in 200 m x 200 m plots. Visibility was good:

there was a 0.75 t0.95 average probability that an eagle carcass was locatdunvitie area

visible to searchers during a visual scan. Carcass persistence and searcher efficiency trials
indicated an over ald®émween0.42nd0.¥v8t vy of detecti on

Three Modehg Approaches were used:

1. Method 1:

(a) Eagle Conservation RI&uidance (ECPG) Collision Risk Model (CRM) USFWsS 2013
using sitespecific eagle exposure/use data

(b) ECPG CRMusing both sitespecific eagle exposure/use and fatality data
2. Method 2: MidAnerican (MEC) lowa/bald eagle prior distributions in CRM
3. Method 3: Evidence of Absence (EoA) Dalthorp et al. 2017
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HNDINGS

Over 1,000 bald eagle risk minutes within 800 m of the observer and below 200 m height were
recorded, showing distinct use patteritslowa: high winter use with a big drayf in summer.

Given very low levels of use in summer months, we focused on collecting data over two winter
seasons during the 16 mon#tudy period. Fatality monitoring yielded three bald eagle

fatalities found wihin search plots during the study period, plusree incidental finds.

Slide #65 shows the variability among the four methods of estimating take (slide #65 shows the
difference in take estimates calculated using these different methods, and highlights the
substantial difference between the first methotla) and the other three). The potential issue

with the first method is that it uses a prior distribution developed for golden eagle collision

rate, which is likely not predictive of bald eagle collision. risk

CONCLUSIONSAPPLICATIONS

MidAmerican plan to use the same methodology for its Wind X1 & XII HCP. As shown in slide
#66, predictions using the MidAmerican prior distributions, while not perfect, are more precise
than those produced with the USFWS golceagle prior distributions. Whbelieve the process

of collecting sitespecific and speciespecific data to determine risk and inform a permit can be
employed at other wind facilities, as well.

Prior distributions presented in the ECPG CRM produceptiadictions that appear to be
extremely conservative for assessing bald eagle risk in lowa. This asalysists the
hypothesis that bald eagles are less vulnerable to turbine collision than golden eagles.
MidAmerican data could be used to create newpdated prior distributions fouse in CRMs
at other facilities irsimilar habitats which is to say, in highly cultivated landscape.

Limited bald eagle fatality data suggest general use alone may not be a good predictor of eagle
risk. There is an overaluestion of whether use is pdéctive of fatalities. An important factor
for future consideration may be the type of eagle use (e.g., general soaring vs. active hunting).

Questions & Discussion

Q: How many bald eagle fatalities were found incidentallyot in surveys?
A (Jenny): Theverall number included in the HCP study wagt

Q: Why did you decide to pursue eagle take within the ESA framework?

A (Jenny): | wanted to do NEPA only once. We thought there would be efficiencies in combining
permitting efforts across facilitiesnd we had seen changes in activity and risk over the past
10-15 years. Our feeling was that the risk was fairly ubiquitous across the state, and we wanted
to cover all five species (four bat species and bald eagles) witlkeipemit.
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Q: Can you speak tthe potential effects of using eagle use data collected after the facilities
became operational vs. following the FWS recommendation to collect use data prior to
construction?

A (Todd): USFWS thought collection of operatiatah would be helpful. As paof original

study at 18 facilities, we established not only use studies within the project itself, but also

reference points where we collected use data in similar habitat but away from wind turbines,

thinking was that wouldhelp us understand how presemof turbines may affect eagle use. It

appears that use is about Zllower within the wind farm than in reference areas. If we are

reducing use once operational, that would tend to make the predicted risk estimates even

more conservative. Part of the challenge is that the operational data include use from high,
mediumandow-u s e si tes. l't"s something for USFWS to

Not Asked during Session

Q: Is the bald eagle per year take estimate for the full ECP area, or pejept (or per MW)?

A (Todd): MidAmerican has applied for an eagle take permit for 22 of its apgfacilities. The
take prediction was calculated across all of these facilities.

Q: Why would bald eagles be more difficult to find (compared with goldesmgles)?

A (Todd): Bald eagle carcasses may be more difficult to find in the Midwe&izasteln states,
where vegetation cover may be denser (e.g., crops orstsjecompared to the western3J
Golden eagles generally occur in the more open habitatsefvestern U.S.

Q: What percentage of eagles may fall outside the 100 m scan radius?

A (Todd): Very few. We estimate that around 95% of eagles that collide with turbines will fall
within 100 meters of those turbines (Hallingstand et al. 2018).
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Technology-based Risk Assessment

Moderated by Tom Heister, IdentiFlight

Using Dedicated Full 3D Bird Radar to Assess Bird Flight Behavior and
Collision Risk at Wind Farms in the Netherlands

Presenter: Hein Prinsen, Bureau Waardenburg Ecological Consulty

[slide presentatioh

Authors: Hein Prinsen, Jonne Kleyhedgrtman, Abel GyimesLamiel Heunks
(Bureau Waardenburg Ecological Consultancy

PROBLEM RESEARCNEED

The European Union’s ambitious target of 27%
Netherlands will have to develop several thousands of wind turbines on land in the coming

decade, on top of the existing 3,350 MW already installed on lamel rdlatvely small size of

the Netherlands (about one third of New York State) along with its intensive spatial planning

means that most of these future wind farms on land will be located nearby or even within

important bird areas (IBASs).

The port of Emnshavenn the northeast of the Netherlands currently accommodates almost

one hundred wind turbines and installation of another hundred is planned in the coming years.
This area borders the Wadden Sea, an internationally renowned IBA, and is locatechfmr a m
migratory route between Scandinavia and Western Europe. Large concentrations of birds use
sites within the area for migratory stopover and refueling. Of an estimated 5,000 avian collision
victims each year, about 2,250 are passerines, including Iiesp@otling 1,500 fatalities per
year) with declining populations.

Objectives

We discuss initial findings from a major research program started in August 2018 at the
Eemshaven wind farm. The objective of this research is to develop predictive madels a
protocols for shutdowron-demand during periods with high bird traffic at roteeight.
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APPROACH

Data are collected 24/7 using a thre@nensional bird radar during periods of intense

migration when passerine mortality is known to be much highenthgerage. The 3D radar

MAX® is &ll 3D scanning radar with a phasaday antenm and 17 stacked beams. It draws

an average of 20 W, operates at 60 RPM, weighs 280 kg, and measures 1,237 mm x 654 mm X
1,660 mm. It uses anband frequency, has a smatire of silence, and covers a-ké radius

up to 1-km altitude. It can track passag targets within at least 3 km. The unit comes with
tracking software and automatic classification of bird and flock size. (Although radar does not
allow for species iderfication, it is hoped that we will be able to use field data to train the
softwarefor species group identification.)

Typically, horizontal radar is used to capture routes and direction, while vertical radar is used to
measure fluxes/intensity and heighalthough the two types of antenna can be used

simultaneously, it is difficult to atch the two data outputs. The 3D radar MAX® allows us to

capture both types of information and use it to createlignensional profiles- essentially
providinguswithananmat ed “bird’'s eye” view o4 bird beh
including avoidane in 3D, flight height profiles, and spatial and temporal density patterns, at

high spatial and temporal resolution.

This information on the dynamics of bird movementd ba linked to collision mortality within

the wind farm, collected durintyvice weekly carcass searches. More importantly, the 3D radar
data will be linked with larger scale migration and weather data (captured using meteorological
radar), with the aim ofleveloping a predictive model for temporary shutdown-demand

during perods of high risk.

HNDINGS

Birds start the night’s migration around 6:00
North Germany four to five hours later, and from Sweden and SwatNorway after eight or

nine hours; slides #16 & 17 graph these armprdses when different groups of birds starting

from different points are passing the wind farm.

The distribution of flight altitudes over different time periods indicates that thegamty of

birds are approaching the wind farm at rotor height (slide #22ue bar chart). We used

vertical radar to check flight heights in and outside the windfarm, up to two hours after sunset.
The blue and green bar charts in slide #22 show thaslare flying at a higher altitude over

the wind farm, which may suggestta® macrceavoidance of the turbines.

Preliminary results show that:
1 There is strong nocturnal autumn migration in Eemshaven (>5K birds/km/h)
1 Peak migration is predictable and weattrelated
T I mportant numbers of passerine migrants f|
1 ...t further analysis is needed to determine possible magvoidance
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GONCLUSIONSAPPLICATIONS

Although there are a few statip bugs and a lot yet to learn about this new systéme ROBIN
radar 3D MAXdoes offer:

1 High spatial / temporal resolution of 3ata on behavior / intensity
1 Selflearning system (i.e. clutter filtering)

1 No species identification, but easily tagged tracks, using a flexible classification
algorithm

The instrument is sensitive to rain and waves as well as metal objects in fieldwf v

This study demonstrates the possibility of linking local bird radar data with-targje migration
data from weather radar to develop predictive models and protocols for siwtdon-demand
during periods with high bird traffic at rotor height. With ovés @iillion records, we plan to do
further analysis for spatial and temporal patterns. The final results will be presented at the
Conference on Wind energy and Wildlife impaatS$cotland, August 2019.

Questions & Discussion

Q2 KFIaQa t26Sad IfGAGdZRS NI RFENJ OFy NBfAlIOGf& LA

A: When we started field tests, we found targets that turned out to be sheep! So, we are able
to pick up targets from ground level upwards.

Q: What are the costs of setting up radar to monito2aily operational costs?

A: The daily operational costs are not that much, but there are analysis costs. Radar does need
some maintenance, especially if you are out in rough terrain.

Q: Has 3D radabeen implemented offshore? If so, how has it perford®e

A: No. This is new. The Dutch government, however, is planning to 83t&AXin one or
more offshore wind farms in the coming year(s)

Q: Have you detected any collisions with the radar sysie Can you provide any information?

A: No, we get bak-radiation from the turbines themselves. Radar can be used to track targets
outside and through wind farms, and can should be combined with a camera system to look at
interaction with turbines.

Q: Doyou anticipate that these radar units would be usedrfthe life of a given site, or would
they be used to establish patterns in a project area and then moved on to a different site?

A: Radar can be set up either in or outside the windfarm, and could $ignt he wi nd f ar m
SCADA to curtail operations.Butis a mobil e system, we can set

NWCC Wind Wildlife Research Meeting Xl Proceedings 132



Q: How much more expensive is the 3D radar to implement than either the horizontal or
vertical radar, or combination of the two?

A: 1 could not tell yohow they compare; the 3D system costs rougdi®0-€800,000.

Q: In the West Atlantic Flyway, most migration occurs well above the reswept zone,
according to radar data. Any thoughts on why the difference?

A:. We were focused on what was flying at the altitudes nearer the 1®4@pt zone,
particularly nocturnal migrating passerines. It may be that more migrants are passing at higher
altitudes as well.

Q: Was any postconstruction monitoring done while the radar was operating, and if so, was
there any relationship between the number cfrcasse and radar detections?

A: There is fatality monitoringvice perweek. There have been some turbine slaatwvns to
see if there is any impact on fatalities, but there are so many migrants passing through that it is
hard to tell. We will have mort report next August at the meeting in Scotland.

Flight Patterns Analysis of the Golden Eagle in a Mexican Wind Farm
Using Marine Radar and Direct Observation

Presenter: Rafael Villegas-Patraca, Instituto de Ecologia

Authors: Rafael Villegas, Oscar Ror-Jiménez, Eduardo Ramirez Alamanastifuto de
Ecologia

PROBLEM RESEARCNEED

Wind farm development is accelerating in Mexico. As in the United States, there is overlap
between wind resource areas and distribution areasti@ golden eagleAquia chrysaetos
which has important sybolic as well as ecological value. Mexican government agencies are
concerned that the establishment of wind energy projects niagaten golden eagles in the
mid-Mexican states of Aguascalientes and Jalisco.

Objectives

Our goal in describing the baselipatterns of movement traced by the golden eagle in a wind
farm located in Jalisco includes these specific objectives.

1. Determine the flight behavior of the golden eagle in the study area using ornithological
radar and monitoring station.

NWCC Wind Wildlife Research Meeting Xl Proceedings 133



2. Describe thause of the airspace of the golden eagle in the study area, including the
identification of the main routes of displacement.

3. Analyze the possible effects that the operation of the wind farm causes on the golden
eagle.

4. Issie impact mitigation recommendationmsed on the results obtained with the
implementation of the monitoring protocol.

APPROACH

Although it is common to monitor large birds (such as condors) using radio telemetry, the
marine radar has proved to be an etfave tool because it:

1. avoids the @rect manipulation of individuals and does not put their physical integrity at
risk;
2. provides accurate data on the widange flight patterns; and

3. allows descriptions of trajectories of more than one individual at thmeséime (spatial
and temporal flighpattern).

For this study, we used a combination of a trunckunted ornithological marine radar and

human observers at hawkatch monitoring stations to collect data from a single wind farm in
Jalisco State during fowbservation periods: AuguSeptemler 2017, NovembebDecember

2017, JanuarfFebruary 2018 and Jurlily 2018. Slide #10 shows the location of the three

human observer monitoring stations within the wind proje@réen points are eagle

monitoring stationswith human observers; the shadedae shows the 6 kmadius area

tracked by the radar unit.) The observation sites were established in high areas, each staffed by
two specialists, one of whom tracked birds, while the other registered the weather comsliti

(wind direction and speed), pexntage of the sky covered by clouds, type of clouds (cirrus,
cumulus, strata and nimbus), environmental temperature and visibility in kilometers.

The adartracks targets within an observation range of 6 km horizormal &.5 km verticalbut

human monitas are needed to confirm specig3bservations were madg00 AM to 5:00 PM

during the study periods, recording all the flightie radar operators had constant

communication with the monitoring stations, to corroboratgptor trajectories. (Slide #9 gise

a schematic description of radar operator and observer protocols.) The flight path data was

coll ected by polar coordinates and the flight
main vector length (r).

HNDINGS

We have over 4,00fecords with different species, including many turkey vultu@atlartes

aura). For each 1éour period, an average of 45.4 eagle flights were registered, with the peak
hours of flight from 11 am to 12 pm and from 17 to 18 pnslides #1214, blue lineshow

tracks of male eagles, red lines show female tracks. Clearly there is a lot of activity close to
some turbines in the eastern part of the wind farm, and indeed there is a nest 200 m from one
of the turbines (slide #15).
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Sixty percent of the recordsvere detected in potential risk heights-(®G0m) and about 65%
were located within the wind farm polygon area. Additionally, two raptor nests were identified
in the same gully over which eagles e high frequency of individis(slide #16)s

assocated with nesting areas, and there appears to be at least one resident eagle couple
present within thewind farm areaHigher golden eagle activityas recorded during the

months of September, November, December and February.

CONQ@.USIONS APPLICATIONS

Ower the next five years, we anticipate 3,000 additional turbines being sited in northern
Mexico.Marine radar combined with direct observation has proven to be a good tool for
describing avian movement within a proposed wind engigyect area, and can cambute to
environmental assessment of wind farm development as well as ideas on how to reduce the
impacts that can be identified at the planning stage.

At this wind farm, it was possible to identify the area where the golderesdglage, which
can be seful in designing a contingency plan to reduce the risk of collision.

We offer the following recommendations.

1 Continue monitoringAquila chrysaetowith both ornithological radar and monitoring
stations.

91 Design a protocol for ebatingency plan tanitigate the impact of the wind farm where
golden eagles are frequently observed.

1 Frequently and permanently remove the carrion (or any other attractant) from inside
the project area to prevent the golden eagle from entering the windhfar

1 Conduct focusedhonitoring of the identified nests and take protective actions to
ensure the survival of the eagle chicks.

1 Support the conservation of the nesting sifedyal Eagle Protection Area of the Seiaan
de Juan Grandewhich is less than 8 kmorthwest of the wind farm.

Questions & Discussion

Q: From your maps, it seems a majority of the golden eagle movements occur outside the
wind farm area. Do you think they are actively avoiding the wind farm? Do you have pre
construction data tocomparéevaluate this possibility?

A: The majority of targets and flight routes are not really outside the windfarm. There is a lot of
activity on the east side of the project area, about 8 km from the site. There was an EIA, but no
pre-construction use wveys.At the moment we are seeing eagles flying at higher altitudes,
above the rotorswept zone, but definitely within the wind farm. Our concern is that juveniles
will be at risk.
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Q: Are preconstruction wildlife/habitat surveys required for wind farrdevelgoment in
Mexico?

A: Yes, there is a ongar preconstruction survey requirement. However, the EIA for this
project did not find that nest. The developer obtained the permit, built the windfarm, and then
“found” t he -ooassructiodsudies. htltat npsohad been identified in the EIA,
they would not have built those turbines in that location. But now that the wind farm is there,
we have to try to mitigate.

Q: Were you aware of the nest prior to starting your study, and was the stalgigred
around the nesting eagles?

A: We knew there was the nest in the area, but it was only once we began this study that we
found the specific site. For the next year we will catch the juveniles to put a radio tracking unit
on them.

Q: What is theadded lenefit of radar, why not just use human observers?

A: Even if you put more people in the field, you may miss flight routes. We would need 20
people to cover the flightroutesi t ' s a huge area.
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Radar Quantifies Migrant Concentration and Dawn Reorientation at a
Great Lakes Shoreline: Considerations for Wind Energy Development

Presenter: Kevin Heist, US Fish & Wildlife Service (USFWS)

[slide presentatioh

Authors: Kevin HeistdS Fish & Wildlife Servjc&im BowdenRureau of Land Managemeént
Jake FergusortJgiversity of Minnesofa Nathan Rdtbun, Erik Olson, Dan Nolfi$ Fish &
Wildlife Servicg Rebecca HortorMinnesota Department of Natural Resoag, Jeffrey Gosse
(US Fish & Wildlife Servjc®ouglas Johnsokliversity of Minnesofa Michael WellsyS Fish
& Wildlife Service

PROBLEM RESEARONEED

Millions of migrating birds and bats encounter the Great Lakes ondastgnce flights each
spring and fall, but quantitative data regarding how they traverse this region are limited.
Coastal areas can be attractive for onshore and ofislvand energy development; however,
shorelines are known areas of migrant concentration due to the ecoldggeekr effect of
large lakes. Details on the magnitude, timing, and behavior associated with migrant
concentration are largely unknown and diffit to quantify.

Objectives

Our goal is to understand and document how aerial vertebrate migrants (birdbasiimove
through the Great Lakes region, for the purpose of improving conservation outcomes for
migratory species.

APPROACH

During the spring@f 2014 we used two avian radar units to compare migration patterns at four
paired shoreline (1.5 km from th&hore) and inland (20 km from the shore) sites along the
eastern shore of Lake Michigan in the nedéntral US. The mobile radar units were used

track thousands of individuals flying through horizontal and vertical sample volumes that
extend multiple Kometers, providing a unique view of migrants moving across landscapes
during both day and night.

Each radar unit includedterizontal and a vertical antenna. The horizontal antenna tracks the
direction of flight, while the vertical antenna allowsusgtawn ant i fy acti vity, usi
passage rate” per hour. The wvertical 4antenna
provides an example of horizontal and vertical track plots.

We alternated the units between sites over four trials, compashgreline with inland activity.
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(Before the trials, both units were placed at similar locations to see how well they compared a
measuring target passage rates, and were found to compare closely.) We looked at four
biological periods: dawn, dusk (one haach), day and night. Differences in mean direction of
flight were compared using circular statistics.

HNDINGS

Using a regreson slope analysis, we found shoreline activity to be 27% greater than inland
activity overall, and 132% greater during the hsurrounding dawn.

In general, migration is a nocturnal activity. Looking at the-loogr horizontal track plots, we
see migation beginning around sunset. An analysis of flight directions found that migrants lift
off in a uniform direction, flying to #north and northwest during dusk and night at both
inland and shoreline sites, with many migrants at the shoreline headingwaitthe lake.

Approaching sunrise, we see a distinct change in activightRlirections shifted clockwise (to

the north oreast) at all locations except one inland site where no shift was detected. Migrants
at shoreline sites, and especially thosgrffy over water, exhibited a large shift eastward,
indicating reorientation toward land. The difference in mean direction diffflgptween night

and dawn, indicated by Watsewilliams tests, was 11 degrees at inland sites, 30 degrees at the
shoreline sits, and 52 degrees (from nortorthwest to northeast) for animals flying over

open water.

These findings confirm shoreline obgations in this study and others, that coastlines host high
concentrations of migrant activity. Dawn appears to be a partitulisky period along

shoreline, so curtailment might be appropriate, as migrants are needing to get off the open
waterandontd and. Throughout the day, there appears
detecting these movements, probably because tasgate flying at lower altitudes.

CONCLUSIONSAPPLICATIONS

Our findings help confirm and quantify the phenomenon of migrantiegdation at dawn, and
also stress the functional importance of coastal regions as landing zones for nocturnal migrants,
and the importance of conserving shoreline stopover habitat.

This study also identifies daily and seasonal variation in use of toagtans, and
demonstrates the capabilities of mobile radar to quantify airspace use by migrants, including
activity within the rotor-swept zone. Implications of this research include the following.

1. Mobile radar provides a unique view of airspace usetoposes of wind energy site
assessment.

2. A high degree of caution should be taken when considering installation of vertical
structures near shorelines.

3. Operational mitigation strategies should account for nocturnal migrants turning toward
shore and acamulating in nearshore areas at dawn.
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These findings were published as an o&cess article iMovement EcologgAugust 2018
including additional details on methods, analysis, and conclusions.

Questions & Discussion

Q: How small an animal can beedected by radar? How do you remove insects from vertical
radar without speed of target?

A: We use-$and (longerfrequency) to try to avoid insects and precipitation. Bats and small
passerines are the lower limit of target size.

Q: Do you have data fsm vertical radar on flight heights inland versus shoreline?

A: Our dataset would allow for that analysis but veeré not done it yet.

Q: How far offshore have you tracked nocturnal migrants? (Did you track migrants flying
over the lakes? If not, coulgou have done so0?)

A: We use a 3.7 km range on the horizontal radar, and the shoreline units are positioned 1.5
km from shoreline, so we oasee about 2.2 km out over the water.

Q: Can you describe any patterns in flight altitudes of migrants amongeéiperiods and how
they might relate to collision risk? For example, lower flight altitudes during dawn?

A: I don’t Kknoternsdtoua20lsitesy st emati c pa

Q2 KFiQa GKS t2Sad It GAGdzZRS NI RIFENJ Oy NBtALlOf
A: Usually at aboutO0 m. It varies from site to site.

® Heist et al. Movemat Ecology(2018) 6:15 https://doi.org/10.1186/540462-018-0135-3
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Balancing Risk and Uncertainty for
Greatest Advancement of Conservation

Moderated by Taber Allison and Abby Arnold, American Wind Wildlife Institute

The closing panel included five special presentations andligafi@el audience discussion
moderated by Abby Arnold.

INTRODUCTION

Abby: At our 2016 meeting, Taber Allison presented a paper on relative risk and uncertainty;
now 1 t’ s t i nmwershtion back.iNatignal Auduben hasanade addressing Climate
Change its number one priority. All the NGOs are telling us the same thing. We know that
agencies have a mandate to protect species, and that wind companies have to limit risk in order
to finane projects and get them built. How do we balance risk and uac#st with the actions
needed to address the greatest conservation challenge of all?

Our expert panel will get us started. Please note that panelists are speaking as individuals, not
representatives of their organizations, so do not quote them.

Panelists:

1 Terry Root, Stanford UniversityyWoods Institute for the Environment, Stanford
University

T Taber Allison, Director of Researcmerican Wind Wildlife Institute (AWWI)

T Cris Hein, Senior Project Leader for the Wind Energy and Wildlife Portfolio, National
Renewable Energy Laboratory (NREL)

1 Dave Young, Western EcoSystem Technologies (WEST), Inc.

1 Doug Johnson, Emeritus Research Statistician and Senior Scientist, NG®Srn
Prairie Widlife Research Center; Adjunct Professimiyersity of Minnesota

OPENINE PRESENTATIONS

Terry L. Root, Stanford University

Facts matter. | worked with the International Panel for Climate Change (IPCC) for 21 years, and

on climate change for over 30 years. We need to limit the average global temperature increase

to between 15 and 2 degrees C (2.7 to 3.6 degrees F). If welgetea? degrees C, scientists

understand that a lot of methane frozen in the ocean along the continental shelves will be
released into the atmosphere, and pke46t hat hap
degrees C (7.2 to 10.8 degrees F) irRByars. That is very scary to contemplate.

When we go up 1.5 degrees C, our best guess is that we will have locked in 9.4 ft of sea level
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rise and at 2 degrees C the lockedise will likely be 15 ftWe MUST keep the increase in the
global average tempature as low as possible to avoid horrendous suffering by all species: we
do not have a choice!

We need to make big changes, quickly. By the year 2030, we must decrease CO2 emissions to
be equal to 4%ercent of global emission in 2010; to basically zeaent by the year 2050.
Methane stays in the atmosphere for 10 years, nitrous oxide ten times as long; CO2 mostly
stays in the atmosphere for more than a thousand years. Because the CO2 lingerg, so o

recent IPCC report explains we must also rem@©@2 from our atmosphere starting no later

than 2050 to ensure the planet does not get much warmer than 1.5 degrees C. Even if we stop
all greenhouse gas emissions now, temperatures would continueddaisa while before they

take time to come back down.

Currently the US gets 15 percent of its energy from renewables, with 5.6 percent from wind.
Globally, 24 percent of electricity comes from renewables. One of the biggest changes we must
make is to sigificantly increase renewable energy sources. By 20@0need globally to get

48-60 percent of our electrical engy from renewables, and by 208@e percentages need to
increase to 681 percent renewables.

In 2007, the IPCC estimated species extimstidue to climate change. Warming by 4 degrees C
couldmean we lose half the species on the planet, many of whick tuemans—will need to

survive, such as pollinators or species to help clean our water. So when we talk about trying to
stop climate chang, what we are also talking about is trying to stopirection. With turbines,

we'  re |l ess worried about extinction for the
mainly affect populations for birds and bats near the turbines, not entire speBiegelop wind
energy responsibly, yesbut stop workirg on the third digit beyond the decimal point! If we

\

don’t get many more turbines deployed respons

such an extent that we will experience extensive extindiohbirds, bats and all other species
on our planet.

Taber Allison, American WineWildlife Institutec

The Department of Energy’s Wi nd Vision projec

2030 to get us to 20 percent renewables, and as Terryusipointed out, we need to be even
more aggressive.

After 25 years, we have learned a tremendous amount, increasing our ability to predict risks

and consequences and mitigate those risks. Additional research is needed. But the essential
point is that we cannot pause in developing the wind energy resouvbée we do this

research. Given how fast the Climate Change clock is ticking, we need to face, and decide upon,
how much uncertainty we’ ' re willing to accept
continue to develop wind in a timely and responsiblarmer.

Where do we think the risks are greatest? What results do we want scientists to present to us
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in 2020, 2022, and 2024, to reduce risks to wildlife as we work toward emissions reduction
targets and wind capacity increase that will keep our planetlanthe 2 degree C temperature
increase ceiling? These are the questieons |
based wind energy development.

Vv

Cris Hein, National Renewable Energy Labtary ¢

One way to think about complex issues isdentify what we know (known knowns) and what
gaps exist (known unknowns). It also is important to recognize there are aspects that we are
unaware of (unknown unknowns) and opportunities that may existvie have not

approached the issue from the right igpective (unknown knowns).

Known knowns

1 Changing climate conditions are impacting certain species of bats (e.g., large numbers of
flying foxes are dying in Australia from heat exhaustion; fecunddyoigping in parts of
the Southwestern US because of diminishing water resources).

1 Wind energydevelopment is impacting certain species of bats with estimates ranging in
the hundreds of thousands/year: with the weight of evidence suggesting popuation
level impact for hoary bats are possible.

1 Current minimization strategies varying in effectivenasd can be cogprohibitive.

Known unknowns
1 How many bats are out there?
1 How do bats interact with landscape at different scales?
1 What is the optimal impact @ction strategy-no such thing as one size fits all.
1 How do we quantify the potentiampact of offshore wind energy development?

Unknown knowns

1 We may have already collected data that could answer some questions, but we need to
consolidate these dataral find better ways to process it: artificial intelligence?

Unknown unknowns
1 2?27

Collaborations are essential because they incorporate a variety of stakeholder input and can
leverage funding from numerous sources. The Department of Energy has fundedl stweies
bringing partners together to evaluate the effectiveness of technologies ciidation of the
Wind-Wildlife Research Fund also show promise as a funding mechanism.

One such collaborative, the Bats and Wind Energy Cooperative (BWEC), hi#fdsicseince
meeting in June 2018, identifying population analyses, fatality estimadiath pat behavior at
turbine and landscape scales as research priorities. Given the urgency of the situation, the two
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critical goals are to:

1 Determine population leMeand trends, which can place fatalities into context and
inform the level of minimizatin that is necessaryand to

1 Optimize impact reduction strategies that allow turbine to operate normally or as near
normal as possible to maximize energy production

Hexibility and creativity are crucial: the MidAmerican Habitat Conservation Plan &da go
example. We need financial incentives or regulatory frameworks that encourage action prior to
' i sting; a “research as mitigation” approach.

This is a solvable pragh; we are on the brink of several breakthroughs aimed at meeting our
collective conseration and renewable energy generation objectives

Dave Young, WEST, Ing, [slide presentatioh

| am going to talk about eagles, though much of what | have to say relates to raptors generally:
what do we already k mnwoparndwha dodve dofalottit2?don’ t we Kkn

What do we know?Unlike bats, we do have decent eagle plgtion estimates: bald eagle
populations are growing; golden eagles appear to be stable. We know that both are susceptible
to collision with turbines, but particularigolden eagles. We have good means of estimating
fatality rates, and we know of effecewdetection and deterrent strategies. We also have a fair
amount of information on other sources of eagle mortality which can be the basis for mitigation
opportunities

2 KFG R2yQiWes Slolny26KKknow much about the popul at
raptors. We don’t know what constit-wdes a hi
postconstruction use: for example, do eagles avoid wind projects™dWen ' t know what
covariates may contribute to collision or whether impacts from windcaesing population

level effects. This question becomes more important as buildcontinues.

What can we doThere is a lot of data out there. We can use fatabtie rdata to predict

fatality rates at nearby or similar sites. We can ask more questamiswe can learn more from

the dead birds and bats: for example, taking DNA, stable isotope samples, even stomach

contents to learn more about the impacts of the tak¥e can use existing data to refine take

estimation models. We need to continue to pusichnology, and to monitor populations.
Fatality is an event, it helps us address “ta
within a population; this is whaelps us to get at impacts.

What is the goalVe want to still have viable, vibrant gle and raptor populations for a long
time going forward. The key questions to answer to support achieving this goal are: Defining
population trajectories-are they $able, increasing, decreasing? Are impacts causing changes
to stability? Can we effectileoffset the impacts? And we must continue to use sound science
and collaborate to answer these questions.
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In the end, diverting monitoring funds to research taaswers questions, and investing in
conservation and protecting strongholds is a stroragsroach than answering the same
impact questions over and over.

Doug Johnson, University of Minnesotg

The goal for addressing climate change was to keep aveeageeratures from rising no more
than 2 degrees Celsius. The most recent report fromBe&C, however, describes problems
already witnessedand advocates for an increase of no more than 1.5 degrees. This means we
have even less time to act than we hdwbtight. For wind energy to contribute to reducing the
emissions of greenhouse gases, need to drastically reverse our thinking. Instead of

spending several years deciding if a site is suitable for wind development, we should proceed
with development, asess the consequences to wildlife, and mitigate any damages.

We have made good progressunderstanding detrimental effects of wind farms on wildlife.

Bird strikes appear not to be a huge problem, except perhaps for golden eagles. Bat strikes are
more d a concern. But for those species seriously affected, efforts to reduce strikes ae und
development and evaluation.

For indirect effects, such as avoidance of wind farms by wildlife, we can treat wind
development as a hypothesis, estimate the impaatsj compensate for them. Habitat

protection and restoration can compensate for indirettects. Many stakeholdersthe US

Fish and Wildlife Service, Ducks Unlimited, Pheasants Forever, The Nature Conservancy, land
trusts, private land owners, and othee- have goals that include habitat protection and
restoration. These and the US Depaemh of Agriculture could be major land management
partners. We need to cut the red tape to expedite wind energy development, not hinder it.

The consequences abt developing wind energy are too severe to risk.

DISCUSSION

Abby: It had felt a little rigkto bring this conversation to this group, but | think we are ready.
We ask you to reflect on what we’ ve hdawr d
Di scuss with at your tables and then we'’ ||

1. What information do we need from the scientific community by 2020 and 2022?

2. For your organization or agency, where would you like to invest your energy and
resource®

[Attendees participated in discussions at the tables where they were seated, and then reported
out to the plenary. Priorities reported out are grouped here by common theme or focus, not by
table. - Editor]
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Invest in Solutions, not Monitoring

1 Make alist of all the things causing those species to be in trouble, such as-ndsee
syndrome. Money sgnt monitoring fatalities at a wind energy project would be better
invested toward solving the WNS problem.

1 Use atrtificial intelligence to put the wealth data sources we have towards informing
risk and invest more of our limited resources towards sohs.

T Use all the data we’' ve collected to develo
bats on a per MW basis (based on type of project, type bftag etc.) that then could
be applied to proposed projects. In lieu of peaxd postconstructionmonitoring,
funding should go to conservation groups for research efforts based on mitigation ratios
generated from a larger data pool.

Offshore
1 Would liketo see AWWI give greater consideration to offshore wind development.

1 Offshore effects- push it faward —there could be large turbines with fewer effects and
large energy contribution.

Refining HighPotential Strategies
1 Improve curtailment to limit los of energy production.

1 Focus on groundwork for looking at population level effects (by 2022084 we could
have more comprehensive answers on population levels.

1 Identify/agree upon usable and acceptable deterrents that focus on minimization (e.g.,
use of UV light to make bats avoid wind fa
permitting deployalte solutions.

1 Develop blade types and turbine technology so that new wind development has less
impact on birds and bats.

Policy & Requlation

T Let’s hear from policymakers and regul ator
to move forward with gettingvind built.

1T The conversation needs to shift toward cut
developers, and get redators on board to talk about what is acceptable (with proposed
mitigation).
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1 We should ask ourselveshat tradeoffs are we willig to accept? Do we really want to
see tens of thousands of species going extinct for the sake of four bat and two eagle
species?

1 Can we have a stdardized sustainable mitigatiécurtailment program based on wind
projects categorized as leymedium, or high-impact?

 Move from avoidance to minimization.

1 Need to develop a streamlined regulatory process to consider cumalgibpulation
level impacts from wind energy development and move forward with projects. Change
the focus from individual animals f@opulations.

1 We have learned alotaboutp@es sessment tools, and they do
seeing postonstruction.How can we adapt the tools and data and focus on
compensating for wind impacts rather than pi@ost-monitoring? We reed statisticdly
rigorous, opersource monitoring of impacts dhe national or continentakcale, rather
than project by project. At sitlevelwe can focus on indirect effects and how to
compensate for them.)

Science Questions

1 We need to think more comprehensively about habitat les®t just for individual
species, but more comprehensively for multiple species and on a continenkal(sag,
monarch butterflies).

1 Better quantification of compensatory mitigation and effeetiness for a suite of
species, not just hoary bats.

T I'n the next two years, | et’s get a handl e
understand context of impacts. (Use DNAtoolstogétatf f ect i ve” popul at

T Let’ s i mpr ovceundenstank homto deere riskifa listed species.

91 Develop a framework for species prioritization @oontinentwide scale. (Resiliency:
selection, for those species that produce médnfieag offspring and live in unstable
environments vs. 4selectionfor those species that produce felgxpensivé offspring
and live in stable environments.)

T Western Governors Association (with NREL)
Zones” i nifyingadas tiraighout thdegagion that have potential fagke
scale renewable energy development with low environmental impacts. It would be great
to develop a continentvide risk assessment tool that looks at those species that are

NWCC Wind Wildlife Research Meeting Xl Proceedings 146



most at risk from wid. We should le able tolook atsiting inalarger contextacross
state lines.

Public Education

1 Public education is keyget out in front of project planning. NIMBY comes from a lack
of energy literacy. Not do you want a wind farm, but where do yoatwa get your
energy?

WRAPUP

Taber: | am particularly intyued by the idea of a mitigation ratio concept; would like to hear
from people about what information we have or would need to accomplish that.

We appreciate your engagement. As Abby menttbearlier, we were a little nervous about

being this expliciabout this topic, but I think we are ready to move this conversation forward

in the way that we were not a few years ago. AWWI will take this input into consideration as we
move this conversatio and these ideas forward in 2019.

Abby: If you want to aatinue in this dialogue, we will be convening a group to refine these
ideas into a more specific vision and set
to be visionaries.
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